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FERMENTATION AND ITS BEAEINGS ON THE PHE- 
NOMENA OF DISEASE/ 

By JOHN TYNDALL, LL.D., F. B. S. 

IN a book with which we are all familiar, amid other wise utter- 
ances, this one occurs : *' Cast thy bread upon the waters ; for thou • 
shalt find it after many days." In more senses than one this precept 
is illustrated by my presence here to-night. Firstly, in a general 
sense, I stand indebted, morally and intellectually, to the poets, his- 
torians, and philosophers, of Scotland. Secondly, in a special sense, 
it so happens that one of the first rootlets of my scientific life derived 
its nutriment from this city of Glasgow. In* early youth it was my. 
ambition to qualify myself for the profession of a civil engineer, and 
as I grew up one of my aids toward the attainment of this object was 
the study of a periodical then published in Glasgow, and called The 
Practical Mechanic^a and Engineer's Magazine^ In that journal I 
read, with an interest unfelt before, a series of essays on various de- 
partments of science — on anatomy and physiology, on geology, on 
mechanics, on arithmetic, and on natural philosophy and chemistry. 
Biography and history were also included, while in detached articles 
various collateral subjects were discussed, such, for example, as the 
difference between Newton and Leibnitz as to the measure of moving 
force. It was there that I first learned what Leslie had done in Edin- 
burgh, and what Davy had done in the Royal Institution. And I 
can now call to mind the day and hour when the yearning to possess 
such apparatus as Leslie and Davy possessed, and to institute with 
it such inquiries as they had instituted, rose to a kind of prophetic 
strength within me — prophetic, for it has come to pass that my own 
studies as a scientific man have been in great part pursued in that 
particular domain which had been enriched by the discoveries of Les- 

^A discourse delirered before the Glasgow Science Lectures Association, October 
9, 1876. 
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lie ; while the very instruments used by Bavy, and which I first saw 
figured in the pages of the journal just mentioned, are the identical 
and familiar instruments with which my lectures in London are now 
illustrated. 

Another point brought more or less home to me in those early 
days was the injury inflicted on the learner by bad scientific exposition. • 
It does more than the negative damage of withholding instruction. 
It daunts the young mind, and saps the motive power of self-reliance. 
This I had experienced ; and the essays referred to had this special 
value for me, that they not only instructed me, but gave me faith in 
my own capacity to be instructed. Since those days I have written 
books myself, and in doing so have tried to remember, and to act on 
the remembrance, that the labor spent in logically ordering one's 
thoughts, and in saying what one has to say clearly and correctly, is 
labor well bestowed. 

The position assumed at the outset has, I think, been now made 
good. Glasgow in my case cast its bread upon the waters, and lo ! 
it has returned after many days. Of the nutritive value of the return 
it is not for me to speak ; for it may well have been soured by for- 
tuitous ferments, mixed by the world's tainted atmosphere with the 
first pure leaven derived from the pages of The Practical Mechanic's 
and Engineer's Magazine, 

The figure of speech here employed will become more intelligible 
as we proceed; for it is my desire and intention to spend the com- 
ing hour in speaking to you dihoxxi ferments^ not in a metaphorical, but 
'in a real sense. Proper treatment is, I am persuaded, the only thing 
needed to make the subject both pleasant and profitable to you. For 
our knowledge of fermentation, and of the ground it covers, has aug- 
mented surprisingly of late, while every fresh accession to that knowl- 
edge strengthens the hope that its final issues will be of incalculable 
advantage to mankind. 

One of the most remarkable characteristics of the age in which we 
live is its desire and tendency to connect itself organically with pre- 
ceding ages — to ascertain how the state of things that now is came to 
be what it is. And the more earnestly and profoundly this problem 
is studied, the more clearly comes into view the vast and varied debt 
which the world of to-day owes to that fore-world in which man, by 
skill, valor, and well-directed strength, first replenished a:nd subdued 
the earth. Our prehistoric fathers may have been savages, but they 
were clever and observant ones. They founded agriculture by the 
discovery and development of seeds whose origin is now unknown. 
They tamed and harnessed their animal antagonists, and sent them 
down to us as ministers, instead of rivals, in the fight for life. Later 
on, when the claims of luxury added themselves to those of necessity, 
we find the same spirit of invention at work, "^e have no historic 
account of the first brewer, but we glean from history that his art 
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was practised, and its produce relished, more than two thousand years 
ago. Theophrastus, who was born nearly four hundred years before 
Christ, described beer as tfie wine of barley. It is extremely difficult to 
preserve beer in a hot country ; still, Egypt was the land in which it 
was first brewed, the desire of man to quench his thirst with this ex- 
hilarating beverage overcoming all the obstacles which a hot climate 
threw in the way of its manufacture. 

Our remote ancestors had also learned by experience that wine 
maketh glad the heart of man. Noah, we are informed, planted a 
vineyard, drank of the wine, and experienced the consequences. But, 
though wine and beer possess so old a history, a very few years ago 
no man knew the secret of their formation. Indeed, it might be said 
that until the present year no thorough and scientific account was ever 
given of the agencies which come into play in the manufacture of beer, 
of the conditions necessary to its health, and of the maladies and vicis- 
situdes to which it is subject. Hitherto, indeed, the art and practice 
of the. brewer have resembled those of the physician, both being 
founded on empirical observation. By this is meant the observation 
of facts apart from the principles which explain them, and which 
give the mind an intelligent mastery over them. The brewer 
learned from long experience the conditions, not the reasons, of suc- 
cess. But he had to contend, and he has still to contend, against un- 
explained perplexities. Over and over again his care has been ren- 
dered nugatory ; his beer has fallen into acidity or rottenness, and 
disastrous losses have been sustained of which he has been unable 
to assign the cause. It is the hidden enemies against which the phy- 
sician and the brewer have hitherto contended that recent researches 
are dragging into the light of day, thus preparing the way for their 
final extermination. 

Let us glance for a moment at the outward and visible signs of 
fermentation. A few weeks ago I paid a visit to a private still in a 
Swiss chalet ; and this is what I saw : In the peasant's bedroom was 
a cask with a very large bung-hole carefully closed. The cask con- 
tained cherries which had lain in it for fourteen days. It was not en- 
tirely filled with the fruit, an air-space being left above the cherries 
when they were put in. I had the bung removed, and a small lamp 
dipped into this space. Its flame was instantly extinguished. The 
oxygen of the air had entirely disappeared, its place being taken by 
carbonic-acid gas.* I tasted the cherries ; they were very sour, though 
when put into the cask they were sweet. The cherries and the liquid 
associated with them were then placed in a copper boiler, to which a 
copper head was closely fitted. From the head proceeded a copper 
tube which passed straight through a vessel of cold water, and issued 
at the other side. Under the open end of the tube was placed a bottle 

* The gas which is' exhaled from the lungs after the oxygen of the air has done its duty 
in purifying the blood, the same also which eflFervesces from soda-water and champagne. 
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to receive the spirit distilled. The flame of small wood-splinters being 
applied to the boiler, after a time vapor rose Into the head, passed 
through the tube, was condensed by the cold of the water, and fell in 
a liquid fillet into the bottle. On being tasted, it proved to be that 
fiery and intoxicating spirit known in commerce as Kirsch or Kirsch- 
wasser. 

The cherries, it should be remembered, were here left to themselves, 
no ferment of any kind being added to them. In this respect what 
has been said of the cherry applies also to the grape. At the vintage 
the fruit of the vine is placed in proper vessels, and abandoned to its 
own action. It ferments, producing carbonic acid ; its sweetness dis- 
appears, and at the end of a certain time the unintoxicating grape- 
juice is converted into intoxicating wine. Here, as in the case of the 
cherries, the fermentation is spontaneous — in what sense spontaneous 
will appear more clearly by-and-by. 

It is needless for me to tell a Glasgow audience that the beer- 
brewer does not set to work in this way. In the first place the brewer 
deals not with the juice of fruits, but with the juice of barley. The 
barley having been steeped for a sufiicient time in water, it is drained, 
and subjected to a temperature suflBicient to cause the moist grain to 
germinate ; after which, it is completely dried upon a kiln. It then 
receives the name of malt. The malt is crisp to the teeth, and de- 
cidedly sweeter to the taste than the original barley. It is ground, 
mashed up in warm water, then boiled with hops until all the soluble 
portions have been extracted ; the infusion thus produced being called 
the wort. This is drawn off, and cooled as rapidly as possible ; then, 
instead of abandoning the infusion, as the wine-maker does, to its own 
action, the brewer mixes yeast with his wort, and places it in vessels 
each with only one aperture open to the air. Soon after the addition 
of the yeast, a brownish froth, which is really new yeast, issues from 
the aperture, and falls like a cataract into troughs prepared to receive 
it. This frothing and foaming of the wort is a proof that the fermen- 
tation is active. 

Whence comes the yeast which issues so copiously from the fer- 
menting-tub ? What is this yeast, and how did the brewer become 
in the first instance possessed of it ? Examine its quantity before and 
after fermentation. The brewer introduces, say, 10 cwts. of yeast ; he 
collects 40, or it may be 50 cwts. The yeast has, therefore, augmented 
from four to five fold during the fermentation. Shall we conclude that 
this additional yeast has been spontaneously generated by the wort ? 
Are we not rather reminded of that seed which fell into good ground, 
and brought forth fruit, some thirty-fold, some sixty-fold, some a 
hundred-fold ? On examination this notion of organic growth turns 
out to be more than a mere surmise. In the year 1680, when the 
microscope was still in its infancy, Leeuwenhoek turned the instru- 
ment upon this substance, and found it composed of minute globules 



Digitized by 



Google 



FERMENTATION AND DISEASE. 133 

suspended in a liquid. Thus knowledge rested until 1835, when Ca- 
gniard de la Tour in France, and Schwann in Germany, independently, 
but animated by a common thought, turned microscopes of improved 
definition and heightened powers upon yeast, and found it budding 
and sprouting before their eyes. The augmentation of the yeast al- 
luded to above was thus proved to arise from the growth of a minute 
plant, now called Torula (or Saccharomyces) cereviaice. Spontane- 
ous generation is therefore out of the question. The brewer deliber- 
ately sows the yeast-plant, which grows and multiplies in the wort as 
its proper soil. This discovery marks an epoch in the history of fer- 
mentation. 

But where did the brewer find his yeast ? The reply to this ques- 
tion is similar to that which must be given if the brewer were asked 
where he found his barley. He has received the seeds of both of them 
from preceding generations. Could we connect without solution of 
continuity the present with the past, we should probably be able to 
trace back the yeast employed by my friend Sir Fowell Buxton to- 
day to that employed by some Egyptian brewer two thousand years 
ago. But you may urge that there must have been a time when the 
first yeast-cell was generated. Granted — exactly as there was a time 
when the first barley-corn was generated. Let not the delusion lay 
hold of you, that a living thing is easily generated, because it is 
email. Both the yeast-plant and the barley-plant lose themselves in 
the dim twilight of antiquity, and in this our day there is no more 
proof of the spontaneous generation of the one than there is of the 
spontaneous generation of the other. 

I stated a moment ago that the fermentation of grape-juice was 
spontaneous ; but I was careful to add, " in what sense spontaneous 
will appear more clearly by-and-by." Now, this is the sense meant : 
The wine-maker does not, like the brewer and distiller, deliberately 
introduce either yeast, or any equivalent of yeast, into his vats ; he 
does not consciously sow in them any plant, or the germ of any plant ; 
indeed, he has been hitherto in ignorance whether plants or germs of 
any kind have had anything to do with his operations. Still, when 
the fermented grape-juice is examined, the living Torula concerned in 
alcoholic fermentation never fails to make its appearance. How is 
this? If no living germ has been introduced into the wine-vat, 
whence conies the life so invariably developed there ? 

You may be disposed to reply, with Turpin and others, that, in vir- 
tue of its own inherent powers, the grape-juice, when brought into con- 
tact with the vivifying atmospheric oxygen, runs spontaneously and 
of its own accord into these low forms of life. I have not the slight- 
est objection to this explanation, provided proper evidence can be ad- 
duced in support of it. But the evidence adduced in its favor, ^s far 
as I am acquainted with it, snaps asunder under the least strain of 
scientific criticism. It is, as far as I can see, the evidence of men 
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who, however keen and clever as observers^ are not rigidly-trained ex- 
perimenters. These alone are aware of the precautions necessary in 
investigations of this delicate kind. In reference, then, to the life of 
the wine-vat, what is the decision of experiment when carried out by 
competent men ? Let a quantity of the clear, filtered " must " of the 
grape be boiled, so as to destroy such germs as it may have contracted 
from the air or otherwise. In contact with germless air the uncon- 
taminated must never ferments. All the materials for spontaneous 
generation are there, but so long as there is no seed sown there is no 
life developed, and no sign of that fermentation which is the concomi- 
tant of life. Nor need you resort to a boiled liquid. The grape is 
sealed by its own skin against contapaination from without. By an 
ingenious device, Pasteur has extracted from the interior of the grape 
its pure juice, and proved that in contact with pure air it never ac- 
quires the power to ferment itself, nor to produce fermentation in 
other liquids.* It is not, therefore, in the interior of the grape that 
the origin of the life observed in the vat is to be sought. 

What, then, is its true origin ? This is Pasteur's answer, which his 
well-proved accuracy renders worthy of all confidence : At the time 
of the vintage little microscopic particles are observed adherent, both 
to the outer surface of the grape and of the twigs which support the 
grape. Brush tliese particles into a capsule of pure water. It is ren- 
dered turbid by the dust. Examined by a microscope, these minute 
particles are seen to present the appearance of organized cells. In- 
stead of receiving tbem in water, let them be brushed into the pure 
inert juice of the grape. Forty-eight hours after this is done, our 
familiar Torula is observed budding and sprouting, the growth of the 
plant being accompanied by all the other signs of active fermenta- 
tion. What is the inference to be drawn from this experiment ? Ob- 
viously that the particles adherent to the external surface of the 
grape are the veritable germs of that life which, after they have been 
sown in the juice, appears in such profusion. Wine i& sometimes ob- 
jected to on the ground that fermentation is " artificial ; *' but we no- 
tice here the responsibility of Nature. The ferment of the grape is 
in fact a parasite of the grape, and the art of the wine-maker from 
time immemorial has consisted in bringing — and it may be added, 
ignorantly bringing — two things thus closely associated by Nature 
into actual contact with each other. For thousands of years, what 
has been done consciously by the brewer has been done unconscious- 
ly by the wine-grower. The one has sown his leaven just as much as 
the other. 

Nor is it necessary to impregnate the beer-wort with leaven to 
provoke fermentation. Abandoned to the contact of our common air, 

* The liquids of the healthy animal body are also sealed from external contamination. 
Neither pure urine, collected fresh from the bladder, nor pure blood, drawn with due 
precautions from the veins, will ever putrefy in contact with pure air. 
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^t sooner or later ferments ; but the chances are, that the produce of 
lihat fermentation, instead of being agreeable, would be disgusting to 
-the taste. By a rare accident we might get the true alcoholic fer- 
^mentation, but the odds against obtaining it would be enormous. 
Pure air acting upon a lifeless liquid will never provoke fermentation ; 
"but our ordinary air is the vehicle of numberless germs which act as 
femaents when they fall into appropriate infusions. Some of them pro- 
duce acidity, some putrefaction. The germs of our yeast-plant are 
also in the air ; but so sparingly distributed that an infusion like beer- 
wort, exposed to the air, is almost sure to be taken possession of by 
foreign organisms. In fact, the maladies of beer are wholly due to 
the admixture of these objectionable ferments, whose forms and modes 
of nutrition differ materially from those of the true leaven of beer. 

Working in an atmosphere charged with the geims of these organ- 
isms, you can understand how easy it is to fall into error in studying 
the action of any one of them. Indeed, it is only the most accom- 
plished experimenter, who, moreover, avails himself of every means 
of checking his conclusions, that can walk without tripping through 
this land of pitfalls. Such a man is the French chemist Pasteur. He 
has taught us how to separate the commingled ferments of our air, and 
to study their pure individual action. Guided by him, let us fix our 
attention more particularly upon the growth and action of the true 
yeast-plant under different conditions. Let it be sown in a ferment- 
able* liquid, which is supplied with plenty of pure air. The plant 
will flourish in the aerated infusion, and produce large quantities of 
carbonic-acid gas — a compound, as you know, of carbon and oxygen. 
The oxygen thus consumed by the plant is the free oxygen of the 
air, which we suppose to be abundantly supplied to the liquid. The 
action is so far similar to the respiration of animals, which inspire 
oxygen and expire cafbonio acid. If we examine the liquid even 
when the vigor of the plant has reached its maximum, we hardly find 
in it a trace of alcohol. The yeast has grown and flourished, but it 
has almost ceased to act as a ferment. And could every individual 
yeast-cell seize, without any impediment, free oxygen from the sur- 
rounding liquid, it is certain that it would cease to act as a ferment 
altogether. 

What, then, are the conditions under which the yeast-plant must 
be placed so that it may display its characteristic quality ? Reflec- 
tion on the facts already referred to suggests a reply, and rigid ex- 
periment confirms the suggestion. Consider the Alpine cherries in 
their closed vessels. Consider the beer in its barrels, with a single 
small aperture open to the air, through which it is observed not to 
imbibe oxygen, but to pour forth carbonic acid. Whence come the 
volumes of oxygen necessary to the production of this latter gas ? 
The small quantity of atmospheric air dissolved in the wort and over- 
lying it would be totally incompetent to supply the necessary oxygen. 
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In no other way can the yeast-plant obtain the gas necessary for its 
respiration than by wrenching it from surrounding substances in which 
the oxygen exists, not free, but in a state of combination. It decom- 
poses the sugar of the solution in which it grows, produces heat, 
breathes forth carbonic-acid gas, and one of the liquid products of 
the decomposition is our familiar alcohol. The act of fermentation, 
then, is a result of the effort of the little plant to maintain its respira- 
tion by means of combined oxygen, when its supply of free oxygen is 
cut off. As defined by Pasteur, fermentation is life without air. 

But here the knowledge of that thorough investigator comes to 
our aid to warn us against errors which have been committed over 
and over again. It is not all yeast-cells that can thus live without air 
and provoke fermentation. They must be young cells which have 
caught their vegetative vigor from contact with free oxygen. But, 
once possessed of this vigor, the yeast may- be transplanted into a 
saccharine infusion absolutely purged of air, where it will continue to 
live at the expense of the oxygen, carbon, and other constituents of 
the infusion. Under these new conditions its life, as a planty will be 
by no means so vigorous as when it had a supply of free oxygen, but 
its action as a ferment will be indefinitely greater. 

Does the yeast-plant stand alone in its power of provoking alco- 
holic fermentation ? It would be singular if amid the multitude of 
low vegetable forms no other could be found capable of acting in a 
similar way. And here, again, we have occasion to marvel at that sa- 
gacity of observation among the ancients to which we owe so vast a 
debt. Not only did they discover the alcoholic ferment of yeast, but 
tliey had to exercise a wise selection in picking it out from others, and 
giving it special prominence. Place an old boot in a moist place, or 
expose common paste or a pot of jam to the air : it soon becomes 
coated with a blue-green mould, which is nothing else than the fructi- 
fication of a little plant called PeniciUium glaucum. Do not imagine 
that the mould has sprung spontaneously from boot, or paste, or jam ; 
its germs, which are abundant in the air, have been sown, and have 
germinated, in as legal and legitimate a way as thistle-seeds wafted 
by the wind to a proper soil. Let the minute spores of Penicillium 
be sown in a fermentable liquid, which has been previously boiled in 
order to kill all other spores or seeds which it may contain ; let pure 
air have free access to the mixture : the Penicillium will grow rapidly, 
striking long filaments into the liquid, and fructifying at its surface. 
Test the infusion at various stages of the plant's growth : you will 
never find in it a trace of alcohol. But forcibly submerge the little 
plant, push it down deep into the liquid, where the quantity of free 
oxygen that can reach it is insufficient for its needs : it immediately 
begins to act as a ferment, supplying itself with oxygen by the decom- 
position of the sugar, and producing alcohol as one of the results of 
the decomposition. Many other low microscopic plants act in a similar 
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manner. In aerated liquids tbey flourish without any production of 
alcohol, but cut off from free oxygen they act as ferments, producing 
alcohol exactly as the real alcoholic leaven produces it, only less co- 
piously. For all this knowledge we are indebted to Pasteur. 

In the cases hitherto considered, the fermentation is proved to 
be the invariable correlative of life^ being produced by organisms 
foreign to the fermentable substance. But the substance itself may 
also have within it, to some extent, the motive power of fermenta- 
tion. The yeast-plant, as we have learned, is an assemblage of liv- 
ing cells ; but so at bottom, as shown by Schleiden and Schwann, 
are all living organisms. Cherries, apples, peaches, pears, plums, 
• and grapes, for example, are composed of cells, each of which is a 
living unit. And here I have to direct your attention to a point of 
extreme interest. In 1821, the celebrated French chemist, B6rard, 
established the important fact that all ripening fruit, exposed to the 
free atmosphere, absorbed the oxygen of the atmosphere, and liber- 
ated an approximately equal volume of carbonic acid. He also found 
that, when ripe fruits were placed in a confined atmosphere, the oxy- 
gen of the atmosphere was first absorbed, and an equal quantity of 
carbonic acid given out. But the process did not end here. After 
the oxygen had vanished, carbonic acid, in considerable quantities, 
continued to be expired by the fruits, which at the same time lost a 
portion of their sugar, becoming more acid to the taste, though the 
absolute quantity of acid was not augmented. This was an observa- 
tion of capital importance, and B^rard had the sagacity to remark 
that the process might be regarded as a kind of fermentation. 

Thus the living cells of fruits can absorb oxygen and breathe out 
carbonic acid, exactly like the living cells of the leaven of beer. 
Supposing the access of oxygen suddenly cut off, will the living 
fruit-cells as suddenly die, or will they continue to live as yeast lives, 
by extracting oxygen from the saccharine juices round them ? This 
is a question of extreme theoretic significance. It was first answered 
affirmatively by the able and conclusive experiments of Lechartier 
and Bellamy, and the answer was subsequently confirmed and ex- 
plained by the experiments and the reasoning of Pasteur. B^rard 
only showed the absorption of oxygen and the production of car- 
bonic acid ; Lechartier and Bellamy proved the production of alco- 
hol, thus completing the evidence that it was a case of real fermenta- 
tion. Influenced by his theoretic views, so full was Pasteur of the 
idea that the cells of a fruit would continue to live at the expense 
of the sugar of the fruit, that once in his laboratory, while convers- 
ing on these subjects with M. Dumas, he exclaimed, " I will wager 
that if a grape be plunged into an atmosphere of carbonic acid, it 
will produce alcohol and carbonic acid by the continued life of its 
owti cells — that they will act for a time like the cells of the true al- 
coholic leaven." He made the experiment, and found the result to 
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be what he had foreseen. He then extended the inquiry. Placing 
under a bell-jar twenty-four plums, he filled the jar with carbonic- 
acid gas ; beside it he placed twenty-four similar plums uncovered. 
At the end of eight days he removed the plums from the jar, and 
compared them with the others. The difference was extraordinaiy. 
The uncovered fruits had become soft, watery, and very sweet ; the 
others were firm and hard, their fleshy portions being not at all 
watery. They had, moreover, lost a considerable quantity of their 
sugar. They were afterward bruised, and the juice distilled. It 
yielded six and a half grammes of alcohol, or one per cent, of the 
total weight of the plums. Neither in these plums, nor in the grapes 
first experimented on by Pasteur, could any trace of the ordinary, 
alcoholic leaven be found. The fermentation was the work of the 
living cells of the fruit itself, after air had been denied to them. 
When, moreover, the cells were destroyed by bruising, no fermenta^ 
tion ensued. The fermentation was the correlative of a vital act, 
and it ceased when life was extinguished. 

Ltldersdorf was the first to show by this method that y^ast acted, 
not, as Liebig had assumed, in virtue of its organic^ but in virtue of 
its organized^ character. He destroyed the cells of yeast by rubbing 
them on a ground-glass plate, and found that with the destruction 
of the organism, though its chemical constituents remained, the 
power to act as a ferment totally disappeared. 

One word more in reference to Liebig may find a place here. To 
the philosophic chemist thoughtfully pondering these phenomena, 
familiar with the conception of molecular motion, and the changes 
produced by the interactions of purely chemical forces, nothing 
could be more natural than to see in the process of fermentation a 
simple illustration of molecular instability, the ferment propagating to 
surrounding molecular groups the overthrow of its own tottering com- 
binations. Broadly considered, indeed, there is a certain amount of 
truth in this theory ; but Liebig, who propounded it, missed the very 
kernel of the phenomena when he overlooked or contemned the part 
played in fermentation by microscopic life. He looked at the matter 
too little with the eye of the body, and too much with the spiritual 
eye. He practically neglected the microscope, and was unmoved by 
the knowledge which its revelations would have poured in upon his 
mind. His hypothesis, as I have said, was natural — nay, it was a 
striking illustration of Liebig's power to penetrate and unveil mo- 
lecular actions ; but it was an error, and as such has proved an ignis 
fatuus instead of a pharos to some of his followers. 

I have said that our air is full of the germs of ferinents differing 
from the alcoholic leaven, and sometimes . seriously interfering with 
the latter. They are the weeds of this microscopic garden which 
often overshadow and choke the flowers. Let us take an illustrative 
case. Expose boiled milk to the air. It will cool, and then turn 
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sour, separating like blood into clot and serum. Place a drop of this 
sour milk under a powerful microscope and watch it closely. You 
see the minute butter-globules animated by that curious quivering 
motion called the Brownian motion.* But let not this attract your 
attention too much, for it is another motion that we have now to seek. 
Here and there you observe a greater disturbance than ordinary 
among the globules ; keep your eye upon the place of tumult, and 
you will probably see emerging from it a long, eel-like organism, toss- 
ing the globules aside and wriggling more or less rapidly across the 
iield of the microscope. Familiar with one sample of this organism, 
which from its motions receives the name of vibrio, you soon detect 
numbers of them. It is these organisms which, by decomposing the 
milk, render it sour. This vibrio is in fact the butyric-acid ferment, 
as the yeast-plant is the alcoholic ferment. Keep the vibrio and its 
germs out of your milk and it will never turn sour. But, instead of 
becoming sour, milk may become putrid. This is due to the action of 
another living ferment. Examine your putrid milk microscopically, 
and you iind it swarming with organisms much shorter than the 
vibrios, and manifesting sometimes a wonderful alacrity of motion. 
Keep this smaller organism and its germs out of your milk and it will 
never putrefy. Expose a mutton-chop to the air and keep it moist ; in 
summer weather it soon stinks. Place a drop of the juice of the fetid 
chop under a powerful microscope ; it is seen swarming with organ- 
isms resembling those in the putrid milk. These organisms, whicli 
receive the common name of bacteria," are the agents of all putrefac- 
tion. Keep them and their germs from your meat and it will remain 
forever sweet. Thus we begin to see that within the world of life to 
lyhich we ourselves belong there is another living world requiring 
the microscope, for its discernment, but which, nevertheless, has the 
most important bearing on the welfare of the higher life-world. 

And now let us reason together as regards the origin of these bac- 
teria. A granular powder is placed in your hands, and you are asked 
to state what it is. You examine it, and have, or have not, reason to 
suspect that seeds of some kind are mixed up in it. But you prepare 
a bed in your garden, sow in it the powder, and soon after find a 
mixed crop of docks and thi^les sprouting from your bed. Until this 
powder was sown neither docks nor thistles ever made their appear- 
ance in your garden. You repeat the experiment once, twice, ten 
times, fifty times. From fifty different beds after the sowing of the 
powder you obtain the same crop. What will be your response to 
the question proposed to you ? "I am not in a condition," you would 
say, " to affirm that every grain of the powder is a dock-seed or a 
thistle-seed; but I am in a condition to affirm that both dock and 

* Which I am inclined to regard as an effect of surface tension. 

* Doubtless organisms exhibiting grave specific differences are grouped together 
under this common name. 
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thistle seeds form, at all events, part of the powder." Supposing a 
succession of suchr powders to be placed in your hands with grains 
becoming gradually smaller, until they dwindle to the size of impal- 
pable dust-particles ; assuming that you treat them all in the same 
way, and that from every one of them in a few days you obtain a 
definite crop — it may be clover, it may be mustard, it may be migno- 
nette, it may be a plant more minute than any of these — ^the smallness 
of the particles, or of the plants that spring from them, does not affect 
the validity of the conclusion. Without a shadow of misgiving you 
would conclude that the powder must have contained the seeds or 
germs of the life observed. There is not in the range of physical 
science an experiment more conclusive nor an inference safer than 
this one. 

Supposing the powder to be light enough to float in the air, and 
that you are enabled to see it there just as plainly as you saw the 
heavier powder in the palm of your hand. If the dust sown by the 
air instead of by the hand produce a definite living crop, with the 
same logical rigor you would conclude that the germs of this crop 
must be mixed with the dust. To take an illustration : The spores 
of the little plant Penicillium glaucum^ to which I have already re- 
ferred, are light enough to float in the air. A cut apple, a pear, a to- 
mato, a slice of vegetable marrow, or, as already mentioned, an old 
moist boot, a dish of paste, or a pot of jam, constitutes a proper soil 
for the Penicillium, Now, if it could be proved that the dust of the 
air when sown in this soil produces this plant, while, wanting the 
dust, neither the air nor the soil, nor both together, can produce it, it 
would be obviously just as certain in this case that the floating dust 
contains the germs of Penicillium as that the powders sown in your 
garden contained the germs of the plants which sprung from them. 

But how is the floating dust to be rendered visible ? In this way : 
Build a little chamber and provide it with a door, windows, and win- 
dow-shutters. Let an aperture be made in one of the shutters through 
which a sunbeam can pass. Close the door and windows, so that no 
light shall enter save through the hole in the shutter. The track of 
the sunbeam is at first perfectly plain and vivid in the air of the room. 
If all disturbance of the air of the chamber be avoided, the luminous 
track will become fainter ahd fainter, until at last it disappears abso- 
lutely, and no trace of the beam is to be seen. What rendered the 
beam visible at first ? The floating dust of the air, which, thus illu- 
minated and observed, is as palpable to sense as any dust or powder 
placed on the palm of the hand. In the still air the dust gradually 
sinks to the floor, or sticks to the walls or ceiling, until, finally, by 
this self-cleansing process, the air is entirely freed from mechanically 
suspended matter. 

Thus far, I think, we have made our footing sure. Let us proceed. 
Chop up a beefsteak and allow it to remain for two or three hours 
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just covered with warm water ; you thus extract the juice of the beef 
in a concentrated form. By properly boiling the liquid and filtering 
it you can obtain from it a perfectly transparent beef tea. Expose a 
number of vessels containing this tea to the moteless air of your cham- 
ber, and expose a number of similar vessels containing precisely the 
same liquid to the dust-laden air. In three days every one of the lat- 
ter stinks, and, examined with the microscope, every one of thera' is 
found swarming with the bacteria of putrefaction. After three months, 
or three years, the beef-tea within the chamber is found in every case 
as sweet and clear, arfd as free from bacteria, as it was at the moment 
when it was first put in. There is absolutely no difference between 
the air within and that without, save that the one is dustless and the 
other dust-laden. Clinch the experiment thus : Open the door of your 
chamber and allow the dust to enter it. In three days afterward you 
have every vessel within the chamber swarming with bacteria, and in a 
state of active putrefaction. Here, also, the inference is quite as certain 
as in the case of the powder sown in your garden. Multiply your proofs 
by building fifty chambers instead of one, and by employing every im- 
aginable infusion of wild animals and tame ; of flesh, fish, fowl, and vis- 
cera ; of vegetables of the most various kinds. If, in all these cases, 
you find the dust infallibly producing its crop of bacteria, while neither 
the ductless air nor the nutritive infusion, nor both together, are ever 
able to produce this crop, your conclusion is simply irresistible that 
the dust of the air contains the germs of the crop which has appeared 
in your infusions. I repeat, there is no inference of experimental sci- 
ence more certain than this one. In the presence of such facts, to use 
the words of a paper lately published in the " Philosophical Transac- 
tions," it would be simply monstrous to affirm that these swarming 
crops of bacteria are spontaneously generated. 

Is there, then, no experimental proof of spontaneous generation ? 
I answer without hesitation, none I But to doubt the experimental 
proof of a fact, and to deny its possibility, are two different things, 
though some writers confuse matters by making them synonymous. 
In fact, this doctrine of spontaneous generation, in one form or an- 
other, falls in with the theoretic beliefs of some of the foremost work- 
ers of this age ; but it is exactly these men who have the penetration 
to see, and the honesty to expose, the weakness of the evidence ad- 
duced in its support. 

And here observe how these discoveries tally with the common 
practices of life. Heat kills the bacteria, cold numbs them. When 
my housekeeper has pheasants in charge which she wishes to keep 
sweet, but which threaten to give way, she partially cooks the birds, 
kills the infant bacteria, and thus postpones the evil day. By boiling 
her milk she also extends its period of sweetness. Some weeks ago, 
in the Alps, I made a few experiments on the influence of cold upon 
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ants. Though the sun was strong, patches of snow still maintained 
themselves on the mountain-slopes. The ants were found in the warm 
grass and on the warm rocks adjacent. Transferred to the snow, the 
rapidity of their paralysis was surprising. In a few seconds a vigor- 
ous ant, after a few languid struggles, would wholly lose its power of 
locomotion, and lie practically dead upon the snow. Transferred to 
the warm rock it would revive, to be again smitten with death-like 
numbness when retransferred to the snow. What is true of the ant 
is specially true of our bacteria. Their active life is suspended by 
cold, and with it their power of producing or continuing putrefaction. 
This is the whole philosophy of the preservation of meat by cold. 
The fish-monger, for example, when he suiTounds his very assailable 
wares by lumps of ice, stays the process of putrefaction by reducing 
to numbness and inaction the organisms which produce it, and in the 
absence of which his fish would continue sweet and sound. It is the 
astonishing activity into which these bacteria are pushed by warmth 
that renders a single summer's day sometimes so disastrous to the 
great butchers of London and Glasgow. The bodies of guides lost in 
the crevices of Alpine glaciers have come to the surface forty years after 
their interment without the flesh showing any sign of putrefaction. 
But the most astonishing case of this kind is that of the hairy elephant 
of Siberia which was found incased in ice. It had been buried for 
ages, but when laid bare its flesh was sweet, and for some time afforded 
copious nutriment to the wild beasts which fed upon it. 

Beer is assailable by all the organisms here referred to, some of 
which produce acetic, some lactic, and some butyric acid, while yeast 
is open to attack from the bacteria of putrefaction. In relation to 
the particular beverage the brewer wishes to produce, these foreign 
ferments have been properly C2L\\Qdi ferments of disease. The cells of 
the true leaven are globules, usually somewhat elongated. The other 
organisms are more or less rod-like or eel-like in shape, some of them 
being beaded so as to resemble necklaces. Each of these organisms 
produces a fermentation and a flavor peculiar to itself. Keep them 
out of your beer and it remains forever unaltered. Never without 
them will your beer contract disease. But their germs are in the air, 
in the vessels employed in the brewery, even in the yeast used to im- 
pregnate the wort. Consciously or unconsciously, the whole art of the 
brewer is directed against them. His aim is to paralyze if he cannot 
annihilate them. 

For beer, moreover, the question of temperature is one of supreme 
importance ; indeed, the recognized influence of temperature is caus- 
ing on the Continent of Europe a, complete revolution in the manu- 
facture of beer. When I was a student in Berlin, in 1851, there were 
certain places specially devoted to the sale of Bavarian beer, which 
was then making its way into public favor. The beer is prepared by 
what is called the process of low fermentation; the name being 
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given partly because the yeast of this beer, instead of rising to the 
top and issuing through the bung-hole, falls to the bottom of the 
cask ; but partly, also, because it is produced at a low temperature. 
The other and older process, called high fermentation^ is far more 
handy, expeditious, and cheap. In high fermentation eight days suf- 
fice for the production of the beer; in low fermentation, ten, tifteen, 
even twenty days, are found necessary. Vast quantities of ice, more- 
over, are consumed in the process of low fermentation. In the single 
brewery of T>reher, of Vienna, 100,000,000 pounds of ice are con- 
sumed annually in cooling the wort and beer. Notwithstanding 
these obvious and weighty drawbacks, the low fermentation is rapidly 
displacing the high upon the Continent. Here are some statistics 
Tvhich show the number of breweries of both kinds existing in Bohe- 
mia in 1860, 1865, and 1870 : 

I860. 1865. 18T0. 

High fermentation . . 281 81 18 

Low fermentation . . 136 459 831 

Thus in ten years the number of high-fermentation breweries fell 
from 281 to 18, while the number of low-fermentation breweries rose 
from 135 to 831. The sole reason for this vast change — a change 
which involves a greater expenditure of time, labor, and money — is 
the additional command which it gives the brewer over the fortuitous 
ferments of disease. These ferments, which, it is to be remembered, 
are living organisms, have their activity suspended by temperatures 
below 10° C, and as long as they are reduced to torpor the beer re- 
mains untainted either by acidity or putrefaction. The beer of low 
fermentation is brewed in winter, and kept in cpol cellars; the 
brewer being thus enabled to dispose of it at his leisure, instead of 
forcing its consumption to avoid the loss involved in its alteration if 
kept too long. Hops, it may be remarked, act to some extent as an 
antiseptic to beer. The essential oil of the hop is bactericidal : hence 
the strong impregnation with hop-juice of all beer intended for ex- 
portation. 

These low organisms, which one mi^ht be disposed to regard as 
the beginnings of life, were we not warned that the microscope, 
precious and perfect as it is, has no power to show us the real begin- 
nings of life, are by no means purely useless or purely mischievous 
in the economy of Nature. They are only noxious when out of their 
proper place. They exercise a useful and valuable function as the 
burners and consumers of dead matter, animal and vegetable, reducing 
such matter, with a rapidity otherwise unattainable, to innocent car- 
bonic acid and water. Furthermore, they are not all alike, and it is 
only restricted classes of them that are really dangerous to man. 
One difference in their habits is worthy of special reference here. 
Air, or rather the oxygen of the air, which is absolutely necessary to 
the support of the bacteria of putrefaction, is absolutely deadly to 
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the vibrios which provoke the butyric-acid fermentation. This is 
most simply illustrated by the following beautiful observ^ation of Pas- 
teur : You know the way of looking at these small organisms through 
the microscope. A drop of the liquid containing them is placed 
upon glass, and on the drop is placed a circle of exceedingly thin 
glass ; for, to magnify them sufficiently, it is necessary that the mi- 
croscope should come very close to the organisms. Round the edge 
of the circular plate of glass the liquid is in contact with the air, 
and incessantly absorbs it, including the oxygen. Herfe, if the drop 
be charged with bacteria, we have a zone of very lively ones. But 
through this living zone, greedy of oxygen and appropriating it, the 
vivifying gas cannot penetrate to the centre of the film. In the mid- 
dle, therefore, the bacteria die, while their peripheral colleagues con- 
tinue active. If a bubble of air chance to be inclosed in the film, 
round it the bacteria will pirouette and wabble until its oxygen has 
been absorbed, after which all their motions cease. Precisely the 
reverse of all this occurs with the vibrios of butyric acid. In their 
case it is the peripheral organisms that are first killed, the central 
ones remaining vigorous while ringed by a zone of dead. Pasteur, 
moreover, filled two vessels with a liquid containing these vibrios : 
through one vessel he led air, and killed its vibrios in half an hour ; 
through the other he led carbonic acid, and after three hours found 
the vibrios fully active. It was while obseiTing these difierences of 
deportment fifteen years ago that the thought of life without air, and 
its bearing upon the theory of fermentation, flashed upon the mind of 
this admirable investigator. 

And here I am tempted to inquire how it is that during the last 
five or six years so many of the cultivated English and American pub- 
lic, including members of the medical profession and contributors to 
some of our most intellectual journals, could be so turned aside as 
they have been from the pure well-spring of scientific truth to be 
found in the writings of Pasteur? The reason I take to be, that, 
while against unsound logic a healthy mind can always defend itself, 
against unsound experiment without discipline it is defenseless. To 
judge of the soundness of scientific data, and to reason from data 
assumed to be sound, are two totally different things. The one 
deals with the raw material of fact, the other with the logical text* 
ures woven from that material. iN'ow, the logical loom may go accu- 
rately through all its motions, while the woven fibres may be all rot- 
ten. It is this inability, through lack of education in experiment, to 
judge of the soundness of experimental work, which lies at the root 
of the defection from Pasteur. 

I will cite an example of this mistake of judgment. Between the . 
large-type articles and the reviews of the Saturday JReview essays on 
various subjects are interpolated. On Alpine slopes and in the calm 
of summer evenings, while reading these brief essays, I have been 
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many a time impressed, not only with their sparkling cleverness, but 
with their deep-searching wisdom and their wealth of spiritual expe- 
rience. In this central region of the Beview the question of sponta- 
neous generation has been taken up and discussed. The writer is not 
a whit behind his colleagues in literary brilliancy and logical force. 
Bat, having no touchstone in his own experience to enable him to dis- 
tinguish a good experiment from a bad one, he has committed, on the 
point of the gravest practical import, the influence of the powerful 
journal in which he writes to the support of error. It is only, I 
would repeat, by practice among facts that the intellect is prepared 
to judge of facts, and no mere logical acuteness or literary skill can 
atone for the want of this necessary education. 

We now approach an aspect of this question which concerns us 
still more closely, and which will be best illustrated by an actual fact. 
A few years ago I was bathing in an Alpine stream, and, returning to 
my clothes from the cascade which had been my shower-bath, I 
slipped upon a block of granite, the sharp crystals of which stamped 
themselves into my naked shin. The wound was an awkward one, 
but, being in vigorous health at the time, I hoped for a speedy recov- 
ery. Dipping a clean pocket-handkerchief into the stream, I wrapped 
it round the wound, limped home, and remained for four or five days 
quietly in bed. There was no pain, and at the end of this time I thought 
myself quite fit to quit my room. The wound, when uncovered, was 
found perfectly clean, uninflamed, and entirely free from pus. Placing 
over it a bit of gold-beater's-skin, I walked about all day. Toward 
evening itching and heat were felt ; a large accumulation of pus fol- 
lowed, and I was fotced to go to bed again. The water-bandage was 
restored, but it was powerless to check the action now set up ; arnica 
was applied, but it made matters worse. The inflammation increased 
alarmingly, until finally I was ignobly carried on men's shoulders 
down the mountain, and transported to Geneva, where, thanks to the 
kindness of friends, I was immediately placed in the best medical 
hands. On the morning after my arrival in Geneva, Dr. Gautier dis- 
covered an abscess in my instep, at a distance of five inches from the 
wound. The two were connected by a channel, or sirms^ as it is tech- 
nically called, through which he was able to empty the abscess with- 
out the application of the lance. 

By what agency was that channel formed — ^what was it that thus 
tore asunder the sound tissue of my instep, and kept me for six weeks 
a prisoner in bed ? In the very room where the water-dressing had 
been removed from my wound and the gold-beater's-skin applied to it, 
I opened this year a number of tubes,- containing perfectly clear and 
sweet infusions of fish, flesh, and vegetable. These hermetically- 
sealed infusions had been exposed for weeks, both to the sun of the 
Alps and to the warmth of a kitchen, without showing the slightest 
turbidity or sign of life; But two days after they were opened the 
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greater number of them swarmed with the bacteria of putrefactioD, 
the germs of which had been contracted from the dust-laden air of the 
room. And, had the pus from my abscess been examined, my memory 
of its appearance leads me to infer that it would have been found . 
equally swarming with these bacteria — ^that it was their germs which 
got intamy incautiously-opened wound. They were the subtile work- 
ers that burrowed down my shin, dug the abscess in my instep, mid 
produced effects which might well have proved fatal to me. 

And here we come directly face to face with the labors of a man 
who has established for himself an imperishable reputation in relation 
to this subject, who combines the penetration of the true theorist with 
the skill and conscientiousness of the true experimenter, and whose 
practice is one continued demonstration of the theory that the putre- 
faction of wounds is to be averted by the destruction of the germs 
of bacteria. Not only from his own reports of his cases, but from 
the reports of eminent men who have visited his hospital, and from 
the opinions expressed to me by Continental surgeons, do I gather 
that one of the greatest steps ever made in the art of surgery was 
the introduction of the antiseptic system of treatment, practised first 
in Glasgow and now in Edinburgh, by Prof. Lister. 

The interest of this subject does not slacken as we proceed. We 
began with the cherry-cask and beer-vat ; we end with the body of 
man. There are persons bom with the power of interpreting natural 
facts, as there are others smitten with everlasting incompetence in 
regard to such interpretation. To the former class in an eminent 
degree belonged the celebrated philosopher Robert Boyle, whose 
words in relation to this subject have in them the forecast of prophecy. 
" And let me add," writes Boyle in his " Essay on the Pathological 
Part of Physik," " that he that thoroughly understands the nature of 
ferments and fermentations shall probably be much better able than 
he that ignores them to give a fair account of divers phenomena of 
several diseases (as well fevers as others) which will perhaps be never 
properly understood without an insight into the doctrine of fermen- 
tations." 

Two hundred years have passed since these pregnant words were 
written, and it is only in this our day that men are beginning to folly 
realize their truth. In the domain of surgery the justice of Boyle's 
surmise has been most strictly demonstrated. Demonstration is in- 
deed the only word which fitly characterizes the evidence brought 
forward by Prof. Lister. You will grasp in a moment his leading 
idea. Take the extracted juice of beef or mutton, so prepared as to 
be perfectly transparent, and entirely free from the living germs of 
bacteria. Lito the clear liquid let fall the tiniest drop of an infusion 
charged with the bacteria of putrefaction. Twenty-four hours subse- 
quently the . clear extract will be found muddy throughout, the tur- 
bidity being due to swarms of bacteria generated by the drop with 
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which the infasion was inoculated. At the same time the infusiou 
will have passed from a state of sweetness to a state of putridity. Let 
a drop similar to that which has produced this effect fall into an open 
wound: the juices of the living body nourish the bacteria as the beef 
or mutton juice nourished them, and you have putrefaction produced 
within the system. The air, as I have said, is laden with floating mas- 
ter which, when it falls upon the wound, acts substantially like the 
drop. Prof. Lister's aim is to destroy the life of that floating matter — 
to kill such germs as it may contain. Had he, for example, dressed 
my wound, instead of opening it incautiously in the midst of air laden 
with the germs of bacteria, and instead of applying to it gold-beater's- 
skin, which probably carried these germs upon its surface, he would 
have showered upon the wound, during the time of dressing, the spray 
of some liquid capable of killing the germs. The liquid usually em- 
ployed for this purpose is dilute carbolic acid, which, in his skilled 
hands, has become a specifio against putrefaction and all its deadly 
consequences. 

We now pass the bounds of surgery proper, and enter the domain 
of epidemic disease, including those fevers so sagaciously referred to 
by Boyle. The most striking analogy between a contagium and a 
ferment is to be found in the power of indefinite self-multiplication 
possessed and exercised by both. You know the exquisitely truthful 
figures regarding leaven employed in the New Testament. A particle 
hid in three measures of meal leavens it all. A little leaven leaveneth 
the whole lump.. In a similar manner a particle of contagium spreads 
through the human body and may be so multiplied as to strike down 
whole populations. Consider the effect produced upon the system by 
a microscopic quantity of the virus of small-pox. That virus is to all 
intents and purposes a seed. It is sown as leaven is sown, it grows and 
multiplies as leaven grows and multiplies, and it always reproduces 
itsel£ To Pasteur we are indebted for a series of masterly researches, 
wherein he exposes the looseness and general baselessness of prevalent 
notions regarding the transmutation of one ferment into another. He 
guards himself against saying it is impossible. The true investigator 
is sparing in the use of this word, though the use of it is unsparingly 
ascribed to him ; but, as a matter of fact, Pasteur has never been able 
to effect the alleged transmutation, while he has been always able to 
point out the open doorways through which the affirmers of such trans- 
mutations had allowed -error to march in upon them.* 

The great source of error here has been already alluded to in this 
discourse. The observers worked in an atmosphere charged with the 
germs of different organisms ; the mere accident of first possession 

' Those who wish for an illustration of the care necessarj in these researches, and of 
the carelessness with which they have in some cases been conducted, will do well to con« 
suit the Rev. W. H. Dallinger*s excellent "Notes on Heterogenesis," in the October num- 
ber of the Popular 8cUnc4 Review. 
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rendering now one organism, now another, triamphant. In different 
stages, moreover, of its fermentative or putrefactive changes, the 
same infusion may so alter as to be successively taken possession 
of by different organisms. Such cases have been adduced to show 
that the earlier organisms must have been transformed into the later 
ones, whereas they are simply cases in which different germs, because 
of changes in the infusion, render themselves valid at different times. 

By teaching us how to cultivate each ferment in its purity — ^in 
other words, by teaching us how to rear the individual organism apart 
from all others — ^Pasteur has enabled us to avoid all these errors. 
And where this isolation of a particular organism has been duly effected 
it grows and multiplies indefinitely, but no change of it into another 
organism is ever observed. In Pasteur's researches the Bacterium 
remained a Bacterium, the Vibrio a Vibrio, the Penicillium a Peni- 
cillium, and the Torula a Torula. Sow any of these in a state of pu- 
rity in an appropriate liquid, you get it, and it alone, in the subse- 
quent crop. In like manner, sow small-pox in the human body, your 
crop is small-pox. Sow there scarlatina, and your crop is scarlatina. 
Sow typhoid virus, your crop is typhoid — cholera, your crop is cholera. 
The disease bears as constant a relation to its contagium as the mi- 
croscopic organisms just enumerated do to their germs, or indeed as a 
thistle does to its seed. No wonder, then, with analogies so obvious 
and so striking, that the conviction is spreading and growing daily in 
strength that reproductive parasitic life is at the root of epidemic dis- 
ease—that living ferments finding lodgment in the body increase there 
and multiply, directly ruining the tissue on which they subsist, or 
destroying life indirectly by the generation of poisonous compounds 
within the body. This conclusion, which comes to us with a presump- 
tion almost amounting to demonstration, is clinched by the fact that 
virulently-infective diseases have been discovered with which living 
organisms are as closely and as indissolubly associated as the growth 
of Torula is with the fermentation of beer. 

And here, if you will permit me, I would utter a word of warning 
to well-meaning people. We have now reached a phase of this ques- 
tion when it is of the very last importance that light should once for 
all be thrown upon the manner in which contagious and infectious 
diseases take root and spread. To this end the action of various 
ferments upon the organs and tissues of the living body must be 
studied ; the habitat of each special organism concerned in the pro- 
duction of each specific disease must be determined, and the mode 
by which its germs are spread abroad as sources of further infection. 
It is only by such rigidly accurate inquiries that we can obtain final 
and complete mastery over these destroyers. Hence, while abhor- 
ring cruelty of all kinds, while shrinking sympathetically from all 
animal suffering — suffering which my own pursuits never call upon 
me to inflict — an imbiased survey of the field of research now open- 
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ing out before the physiologist causes me to conclude that no greater 
calamity could befall the human race than the stoppage of experi- 
mental inquiry in this direction. A lady whose philanthropy has ren- 
dered her illustrious said to me, some time ago, that science was be- 
coming immoral ; that the researches of the past, unlike those of the 
present, were carried on without cruelty. I replied to her that the 
science of Kepler and Newton, to which she referred, dealt with the 
laws and phenomena of inorganic Nature ; but that one great advance 
made by modern science was in the direction of biology, or the sci- 
ence of life ; and that in this new direction scientific inquiry, though 
at the outset pursued at the cost of some temporary suffering, would 
in the end prove a thousand times more beneficent than it had ever 
hitherto been. I said this because I saw that the very researches 
which the lady deprecated were leading us to such a knowledge of 
epidemic diseases as will enable us finally to sweep these scourges of 
the human race from the face of this fair earth. 

This is a point of such special importance that I should like to 
bring it home to your intelligence by a single trustworthy illustra- 
tion. In 1850, two distinguished French observers, MM. Davainne 
and Rayer, noticed, in the blood of animals which had died of the 
virulent disease called splenic fever^ small microscopic organisms 
resembling transparent rods, but neither of them at that time at- 
tached any significance to the observation. In 1861 Pasteur pub- 
lished a memoir on the fermentation of butyric acid, wherein he de- 
scribed the organism which provoked it; and, after reading this 
memoir, it occurred to Davainne that splenic fever might be a case 
of fermentation set up within the animal body -by the organisms 
which had been observed by him and Rayer. This idea has been 
placed beyond all doubt by subsequent research. 

Some years in advance of the labors undertaken by Davainne, ob- 
servations of the highest importance had been made on splenic fever 
by Pollender and Brauell. Two years ago, Dr. Burdon-Sanderson 
gave us a very clear account of what was known up to that time of 
this disorder. With regard to the permanence of the contagium, it 
had been proved to hang for years about localities where it had once 
prevailed ; and this seemed to show that the rod-like organisms could 
not constitute the contagium, because their infective power was found 
to vanish in a few weeks. But other facts established an intimate 
connection between the organisms and the disease, so that a review 
of all the facts caused Dr. Sanderson to conclude that the contagium 
existed in two distinct forms: the one "fugitive," and visible as 
transparent rods; the other permanent bat "latent," and not yet 
brought within the grasp of the microscope. 

At the time that Dr. Sanderson was writing this report, a young 
Gem^an physician, named Koch, occupied with the duties of his pro- 
fession in an obscure country district, was already at work, applying, 
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daring his spare time, various original and ingenious devices to the 
investigation of splenic fever. He studied the habits of the rod-like 
organisms, and found the aqueous humor of an ox's eye to be particu- 
larly suitable for their nutrition. With a drop of the aqueous humor 
he mixed the tiniest speck of a liquid containing the rods, placed the 
drop under his microscope, warmed it suitably, and observed the sub- 
sequent action. During the first two hours hardly any change was 
noticeable ; but at the end of this time the rods began to lengthen, 
and the action was so rapid that at the end of three or four hours they 
attained from ten to twenty times their original length. At the end of 
a few additional hours they had formed filaments in many cases a hun- 
dred times the length of the original rods. The same filament, in fact, 
was frequently observed to stretch through several fields of the mi- 
croscope. Sometimes they lay in straight lines parallel to each other; 
in other cases they were bent, twisted, and coiled, into the most grace- 
ful figures ; while sometimes they formed knots of such bewildering 
complexity that it was impossible for the eye to trace the individual 
filaments through the confusion. 

Had the observation ended here an interesting scientific fact would 
have been added to our previous store, but the addition would have 
been of little practical value. Koch, however, continued to watch the 
filaments, and after a time noticed little dots appearing within them. 
These dots became more and more distinct, until finally the whole 
length of the organism was studded with minute ovoid bodies, which 
lay within the outer integument like peas within their shell. By-and- 
by the integument fell to pieces, the place of the organism being 
taken by a long row of seeds or spores. These observations, which 
were confirmed in all respects by the celebrated naturalist Cohn, of 
Breslau, are of the first importance. They clear up the existing per- 
plexity regarding the Ment and visible contagia of splenic fever ; for, 
in the most conclusive manner, Koch proved the spores, as distin- 
guished from the rods, to constitute the contagium of the fever in its 
most deadly and persistent form. 

How did he reach this important result ? Mark the answer. There 
was but one way open to him to test the activity of the contagium, 
and that was the inoculation with it of living animals. He operated 
upon Guinea-pigs and rabbits, but the vast majority of his experiments 
were made with mice. Inoculating them with the fresh blood of an 
animal suffering from splenic fever, they invariably died of the same 
disease within twenty or thirty hours after inoculation. He then 
sought to determine how the contagium maintained its vitality. Dry- 
ing the infectious blood containing the rod-like organisms, in which, 
however, the spores were not developed, he found the contagium to 
be that which Dr. Sanderson calls "fugitive." It maintained its 
power of infection for five weeks at the farthest. He then ^ried 
blood containing the fully-developed spores, and exposed the suh- 
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Btaoce to a variety of conditions. He permitted the dried blood to 
assame the form of dust; wetted this dust, allowed it to dry again, 
permitted it to remain for an indefinite time in the midst of putrefy- 
ing matter, and subjected it to various other tests. After keeping 
the spore-charged blood which had been treated in this fashion for 
fotir years, he inoculated a number of mice with it, and found its 
action as fatal as that of blood fresh from the veins of an animal suf- 
fering from splenic fever. There was no single escape from death 
after inoculation by this deadly contagium. Uncounted millions of 
these spores are developed in the body of every animal which has 
died of splenic fever, and every spore of these millions is competent 
to produce the disease. The name of this formidable parasite is £ar 
cillus anthracis.^ 

Now, the very first step foward the extirpation of these contagia 
is the knowledge of their nature ; and the knowledge brought to us 
by Dr. Koch will render as certain the stamping out of splenic fever 
as the stoppage of the plague of pibrine by the researches of Pasteur. 
One small item of statistics will show what this implies. In the sin- 
gle district of Novgorod in Russia, between the years 1867 and 1870, 
over 66,000 cases of death by splenic fever, among horses, cows, and 
sheep, were recorded. But its ravages did not confine themselves to 
the animal world, for, during the time and in the district referred to, 
528 human beings perished in the agonies of the same disease. 

A description of the fever will help you to come to a right decision 
on the point which I wish to submit to your consideration. "An 
animal," says Dr. Burdon-Sanderson, " which perhaps for the previous 
day has declined food and shown signs of general disturbance, begins 
to shudder and to have twitches of the muscles of the back, and soon 
after becomes weak and listless. In the mean time the respiration 
becomes frequent and often difficult, and the temperature rises to 
three or four degrees above the normal; but soon convulsions, 
affecting chiefly the muscles of the back and loins, usher in the final 
collapse, of which the progress is marked by complete loss of power 
of moving the trunk or extremities, diminution of temperature, mucous 
and sanguinolent alvine evacuations, and similar discharges from the 
mouth and nose." In a single district- of Russia, as. above remarked, 
56,000 horses, cows, and sheep, and 528 men and women, perished in 
this way during a period of two or three years. What the annual 
fatality is throughout Europe I have no means of knowing. Doubt- 
less it must be very- great. The question, then, which I wish to 
Bubmit to your judgment is this: Is the knowledge which reveals 

* To produce its characteristic eflfeots the contagium of splenic fever must enter the 
blood. The virulentlj-infectiye spleen of a diseased animal may be eaten with impunity 
by mice. On the other hand, the disease refuses to be commumcated by inoculation to 
dogs, partridges, or sparrows. In their blood Baeillua arUhraeii ceases to act as a fer- 
ment. 
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to ns the nature, and which assures the extirpation, of a disorder 
so virulent and so vile, worth the price paid for it ? It is exceed- 
ingly important that assemblies like the present should see clearly 
the issues at stake in such questions as this, and that the properly- 
informed common-sense of the community should temper, if not re- 
strain, the rashness of those who, meaning to be tender, would vir- 
tually enact the most hideous cruelty by the imposition of short-sighted 
restrictions upon physiological investigation. It is a modem instance 
of zeal for God, but not according to knowledge, and an instructed 
public opinion must correct its excess. 

And now let us cast a backward glance on the field we have 
traversed, and try to extract from our labors such further profit a& 
they can yield. For more than two thousand years the attraction of 
light bodies by amber was the sum of human knowledge regarding 
electricity, and for more than two thousand years fermentation was 
effected without any knowledge of its cause. In science one discovery 
grows out of another, and cannot appear without its proper antece- 
dent. Thus, before fermentation could be understood, the microscope 
had to be invented and brought to a considerable degree of perfec- 
tion. Note the growth of knowledge. Leeuwenhoek, in 1680, found 
yeast to be a mass of floating globules, but he had no notion that the 
globules, were alive. This was proved in 1836 by Cagniard de la Tour 
and Schwann. Then came the question as to the origin of such micro- 
scopic organisms, and in this connection the memoir of Pasteur, pub- 
lished in the " Annales de Chimie" for 1862, is epoch-making, proving 
as it did to all competent minds spontaneous generation to be thus 
far a chimera. On that investigation all Pasteur's subsequent labors 
were based. Ravages had over and over again occurred among 
French wines. There was no guarantee that they would not become 
acid or bitter, particularly when exported. The commerce in wines 
WAS thus restricted, and disastrous losses were often inflicted on the 
wine-grower. Ev6ry one of these diseases was traced to the life of 
an organism. Pasteur ascertained the temperature which killed these 
ferments of disease, proving it to be so low as to be perfectly harmless 
to the wine. By the simple expedient of heating the wine to a tem- 
perature of 50** centigrade, he rendered it unalterable, and thus saved 
his country the loss of millions. He then went on to vinegar — mn 
aigre^ acid wine — ^which he proved to be produced by a fermen- 
tation set up by a little fungus called Mycoderma aceti. Torula, 
in fact, converts the grape-juice into alcohol, and Mycoderma aceti 
converts the alcohol into vinegar. Here also frequent failures oc- 
curred and severe losses were sustained. Through the operation of 
unknown causes, the vinegar often became unfit for use ; sometimes, 
indeed, falling into utter putridity. It had been long known that mere 
exposure to the air was sufficient to destroy it. Pasteur studied all 
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these changes, traced them to their living causes, and showed that the 
permanent health of the vinegar was insured by the destruction of 
this life. He passed from the diseases of vinegar to the study of a 
malady which a dozen years ago had all but ruined the silk-husbandry 
of France. This malady, which received the name of p^brine^wsLS the 
product of a parasite which first took possession of the intestinal canal 
of the silkworm, spread throughout its body, and filled the sack which 
ought to contain the viscid matter of the silk. Thus smitten, the 
worm would go automatically through the process of spinning when 
it had nothing to spin. Pasteur followed this parasitic destroyer from 
year to year, and, led by his singular power of combining facts with 
the logic of facts, discovered eventually the precise phase in the de- 
velopment of the insect when the disease which assailed it could with 
certainty be stamped out. Pasteur's devotion to this inquiry cost him 
dear. He restored to France her silk-husbandry, rescued thousands 
of her population from ruin, set the looms of Italy also to work, but 
emerged from his labors with one of his sides permanently paralyzed. 
His last investigation is embodied in a work entitled " Studies on 
Beer," in which he describes a method of rendering beer permanently 
unchangeable. That method is not so simple as those found effectual 
with wine and vinegar, but the principles which it involves are sure 
to receive extensive application at some future day. Taking into 
account all these labors of Pasteur, it is no exaggeration to state that 
the money value of his work would go far to cover the indemnity 
which France had to pay to Germany. 

There are other reflections connected with this subject which, even 
were I to pass them over without remark, would sooner or later occur 
to every thoughtful mind in this assembly. I have spoken of the float- 
ing dust of the air, of the means of rendering it visible, and of the 
perfect immunity from putrefaction which jaccompanies the contact 
of moteless air. Consider the woes which this wafted matter, during 
historic and prehistoric ages, has inflicted on mankind ; consider the 
loss of life in hospitals from putrefying wounds ; consider the loss in 
places where there are plenty of wounds but no hospitals, and in the 
ages before hospitals were anywhere founded; consider the slaughter 
which has hitherto followed that of the battle-field, when those bacte- 
rial destroyers are let loose, often producing a mortality far greater 
than that of the battle itself; add to this the other conception that 
in times of epidemic disease the self-same floating matter has fre- 
quently, if not always, mingled with it the special germs which pro- 
duce the epidemic, being thus enabled to sow pestilence and death over 
nations and continents — consider all this, and you will come with me 
to the conclusion that all the havoc of war, ten times multiplied, would 
be evanescent if compared to the ravages due to atmospheric dust. 

This preventable destruction is going on to-day, and it has been 
permitted to go on for ages, without a whisper of information regard- 
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ing its cause being vouchsafed to the suffering sentient world. We 
have been scourged by invisible thongs, attacked from impenetrable 
ambuscades, and it is only to-day that the light of science is being let 
in upon the murderous dominion of our foes. Men of Glasgow, these 
facts excite in me the thought that the rule and governance of this 
universe are different from what we in our youth supposed them to 
be — ^that the inscrutable Power, at once terrible and beneficent, in 
whom we live and move and have our being and our end, is to be pro- 
pitiated by means different from those usually resorted to. The first 
requisite toward such propitiation is knowledge; the second is dction^ 
shaped and illuminated by that knowledge. Of knowledge we already 
see the dawn, which will open out by-and-by to perfect day, while the 
action which is to follow has its unfailing source and stimulus in the 
moral and emotional nature of man — ^in his desire for personal well- 
being, in his sense of duty, in his compassionate sympathy with the 
sufferings of his fellow^nen. " How often," says Dr. William Budd, in 
his celebrated work on "Typhoid Fever '* — "how often have I seen in 
past days, in the single narrow chamber of the day-laborer's cottage, 
the father in the coffin, the mother in the sick-bed in muttering de- 
lirium, and nothing to relieve the desolation of the children but the 
devotion of some poor neighbor, who in too many cases paid the pen- 
alty of her kindness in becoming herself the victim of the same dis- 
order ! " From the vantage-ground already won I look forward with 
confident hope to the triumph of medical art over scenes of misery 
like that here described. The cause of the calamity being once clearly 
revealed, not only to the physician, but to the public, whose intelligent 
cooperation is absolutely essential to success, the final victory of hu- 
manity is only a question of time. We have already a foretaste of 
that victory in the triumphs of surgery as practised at your doors. 



THE PROTECTION OF BUILDINGS FROM LIGHTNING. 

By Pbopbssob J. CLEBK MAXWELL, 

MOST of those who have given directions for the construction of 
lightning-conductors have paid great attention to the upper 
and lower extremities of the conductor. They recommend that the 
upper extremity of the conductor should extend somewhat above the 
highest part of the building to be protected, and that it should ter- 
minate in a sharp point, and that the lower extremity should be car- 
ried as far as possible into the conducting strata of the ground, so as 
to " make *' what telegraph engineers call " a good earth." 

The electrical effect of such an arrangement is to tap^ as it were, 
the gathering charge by facilitating a quiet discharge between the 
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atmospheric accumulation and the earth. The erection of the conduct- 
or will cause a somewhat greater number of discharges to occur at 
the place than would have occurred if it had not been erected ; but 
each of these discharges will be smaller than those which would have 
occurred without the conductor. It is probable, also, that fewer dis- 
charges will occur in the region surrounding the conductor. 

It appears to me that these arrangements are calculated rather for 
the benefit of the surrounding country, and for the relief of clouds 
laboring under an accumulation of electricity, than for the protection 
of the building on which the conductor is erected. 

What we really wish is, to prevent the possibility of an electric 
discharge taking place within a certain region, say in the inside of a 
gunpowder-manufactory. If this is clearly laid down as our object, 
the method of securing it is equally clear. 

An electric discharge cannot occur between two bodies, unless the 
difierence of their potentials is sufficiently great, compared with the 
distance, between them. If, therefore, we can keep the potentials of 
all bodies within a certain region equal, or nearly equal, no discharge 
will take place between them. We may secure this by connecting 
all these bodies by means of good conductors, such as copper-wire 
ropes, but it is not necessary to do so, for it may be shown by experi- 
ment that, if every part of the surface surrounding a certain region is 
at the same potential, every point within that region must be at the 
same potential, provided no charged body is placed within the region. 

It would, therefore, be sufficient to surround our powder-mill with 
a conducting material, to sheathe its roof, walls, and ground-floor, 
with thick sheet-copper, and then no electrical effect could occur within 
it on account of any thunder-storm outside. There would be no need 
of any earth-connection. We might even place a layer of asphalt be- 
tween the copper floor and the ground, so as to insulate the building. 
If the mill were then struck with lightning, it would remain charged 
for some time, and a person standing on the ground outside and touch- 
ing the .wall might receive a shock, but no electrical effect would be 
perceived inside, even on the most delicate electrometer. The poten- 
tial of everything inside with respect to the earth would be suddenly 
raised or lowered, as the case might be, but electric potential is not a 
physical condition, but only a mathematical conception, so that no 
physical effect would be perceived. 

It is, therefore, not necessary to connect large masses of metal, 
such as engines, tanks, etc., to the walls, if they are entirely within 
the building. If, however, any conductor, such as a telegraph-wire 
or a metallic supply-pipe for water or gas, comes into the building 
from without, the potential of this conductor may be different from 
that of the building, unless it is connected with the conducting-shell 
of the building. Hence the water or gas, supply-pipes, if any enter 
the building, must be connected to the system of lightning-conduct- 
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ors, and, since to connect a telegraph-wire with the conductor would 
render the telegraph useless, no telegraph from without should be 
allowed to enter a powder-mill, though there may be electric bells 
and other telegraphic apparatus entirely within the building. 

I have supposed the powder-mill to be entirely sheathed in thick 
sheet-copper. This, however, is by no means necessary in order to 
prevent any sensible electrical effect taking place within it, supposing 
it struck by lightning. It is quite sufficient to inclose the building 
with a network of a good conducting substance. For instance, if a 
copper wire, say No. 4, B. W. G. (0.238 inch diameter), were carried 
round the foundation of the house, up each of the comers and gables 
and along the ridges, this would probably be a sufficient protection 
for an ordinary building against any thunder-storm in this climate. 
The copper wire may be built into the wall to prevent theft, but 
should be connected to any outside metal, such as lead or zinc on the 
roof, and to metal rain-water pipes. In the case of a powder-mill it 
might be advisable to make the network closer by carrying one or 
two additional wires over the roof and down the walls to the wire at 
the foundation. If there are water or gas pipes which enter the 
building from without, these must be connected with the system of 
conducting-wires, but, if there are no such metallic connections with 
distant points, it is not necessary to take any pains to facilitate the 
escape of the electricity into the earth. 

Still less is it advisable to erect a tall conductor with a sharp 
point in order to relieve the thunder-clouds of their charge. 

It is hardly necessary to add that it is not advisable, during a 
thunder-storm, to stand on the roof of a house so protected, or to 
stand on the ground outside and lean against the wall. — Nature. 



MOEMONISM FEOM A MOKMON POINT OF VIEW. 

By DANIEL WEDDEEBUEN. 

DURING a recent visit to Salt Lake City I happened to ask one 
of the leading Mormons what works, in addition to the Book 
of Mormon, would give me a fair idea of the religious doctrines pro- 
fessed by the Latter-day Saints and of their history, as they them- 
selves desire to have it told. The gentleman addressed most kindly- 
offered for my acceptance several books, among which were pamphlets 
by Orson Pratt, one of the twelve apostles of the church, the " Key- 
to the Science of Theology," by Parley P. Pratt, and the " Rise, 
Progress, and Travels of the Church of Jesus Christ of Latter-day 
Saints," by President George A. Smith. 

So far as religious tenets are concerned, the authority of the works 
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mentioned may doubtless be accepted as final. With regard to the 
historical portion of the subject it is different, and here a certain 
allowance must be made for the bias of a religious partisan ; but it is 
not the less interesting to read this brief but stirring history, as it is 
told by those who played a prominent part in its events. Having 
studied these books, I shall endeavor to give a short account of Mor- 
monism, as it is described by the Mormons themselves, and as it ap- 
pears to myself, being personally little predisposed to regard it favor- 
ably, but convinced that its case has seldom been fairly stated to the 
public. 

A certain practical importance attaches at present to the subject, 
for the future position of Mormonism in the Union is among the many 
difficult political problems now offering themselves for solution in the 
United States of America. It presents, indeed, upon a small scale, a 
similar difficulty to that caused by the existence of slavery in the 
Southern States : as to how far it is possible to maintain political fed- 
eration between communities differing essentially in their social insti- 
tutions. The American Constitution is wondeifully elastic, but it has 
proved impossible to retain slaveholding States permanently within 
its limits. Is its elasticity sufficient to admit into the Union a State 
which would legalize polygamy? Hitherto a negative answer has 
been given by Congress to this question, and the claims of Utah Ter- 
ritory to become a State have been urged in vain ; but the steady in- 
crease of population and wealth is constantly strengthening those 
claims, and they cannot much longer be ignored. The fourth unsuc- 
cessful attempt to obtain admission as a State of the Union was made 
in 1872, when the population of Utah already exceeded that of Ne- 
vada and Nebraska combined (at the date of their admission), being 
upward of 106,000 ; and a memorial to Congress was adopted, pray- 
ing for admission into the Union as a sovereign State. The constitu- 
tion then proposed for the State, which was to bear the name of Dese- 
ret, was approved by the people of the Territory, with only 368 dis- 
sentient votes ; it provided for women's suffrage, and minority repre- 
sentation. 

The admission of Nevada, Nebraska, and Colorado, all of them 
neighboring Territories with inferior population to Utah, appears to 
justify the assertion of the Mormons that the unpopularity of their 
religion was the sole cause of their exclusion. Had Deseret been 
created a sovereign State in 1872, the controversy as to polygamy 
might have eiAered upon a new and critical phase, as the State Legis- 
lature would doubtless have claimed the right to legalize plurality of 
wives within its own jurisdiction. No such right can be claimed by 
the existing Legislature of Utah, whose powers are restricted by the 
provisions of the act of 1850, to which the Territory owes its politi- 
cal existence. All laws of the Territorial Legislature must have the 
sanction of the Governor (who is appointed by the President of the 
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' United States), and are passed subject to the approval of Congress. 
The judges of the Territorial Supreme Court are also appointed by the 
President, so that the control of the Federal authorities is complete, 
over all departments in the Territory, and it is natural that the Mor- 
mon community should aspire to a more independent position. It is 
questionable, however, whether independence would not prove a dis- 
advantage to the Mormons, as tending to bring them into direct col- 
lision with popular feeling, which has always been more or less hos- 
tile to them throughout the Union, while the Federal authorities have 
acted a friendly part. During seventeen sessions of the Utah Legis- 
lative Assembly, the power of disapproval has only once been exer- 
cised by Congress, and then (as might have been expected) in rela- 
tion to the law of marriage. The Washington Qovemraent has 
afforded protection to the Mormons against local officers and judges. 
President Grant, in particular, having recently braved considerable 
unpopularity by removing the Chief-Justice of the Supreme Court of 
Utah for " arbitrary and illegal conduct " in his dealings with the 
Latter-day Saints. Again, a few years ago the United States officials 
in Utah set at naught the Territorial law under which jurors were se- 
lected and summoned, rejecting those who professed their belief in 
Mormon doctrines. Where the value at issue exceeds $1,000, an ap- 
peal lies to the Supreme Court of the United States, and a case tried 
by a packed jury, and given against the municipal officers of Salt 
Lake City, was accordingly appealed. The unanimous decision of 
the Supreme Court at Washington was, that the jury had not been 
legally impaneled, and the judgment of the Utah court was reversed. 
Great rejoicing was caused at Salt Lake City by this decision in the 
Engelbrecht case, as proving that the inhabitants of Territories had 
rights in common with their countrymen, and that there was justice 
in the United States even for the professors of a very unpopular reK- 
gion. 

It may appear strange that in the freest of lands, and iti the 
latter half of the nineteenth century, a legal doubt should have ex- 
isted as to whether civil disabilities were attached to any form of re- 
ligious opinion ; but it must be remembered that the evidence of an 
atheist was very recently rejected in English courts of justice, and 
the Legislature of North Carolina expelled last year a member, be- 
cause he conscientiously declared his disbelief in the existence of God, 
The fact is that, even in Protestant countries, complete religious tol- 
eration is limited to certain recognized persuasions, so that feeble 
and unpopular sects have still to unite in claiming for themselves the 
same liberty of conscience which has been conceded to all numerous 
and powerful dissenting bodies. Science now demands from theology 
absolute and unconditional freedom, and the day can hardly be far 
distant when theological heterodoxy will cease to involve any civil 
penalties in a free country. At present the Mormon refugees of the 
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Rocky Mountains demand only that amount of civil and religious 
liberty which the Constitution professes to guarantee to every Ameri- 
<5an citizen, and which the Pilgrim Fathers found for themselves " on 
the wild New England shore." They complain that their enemies 
have told their story, that their own statements have been ignored, 
and that no credit has been given to them for an honest attempt, in 
these latter days, to put in practice the doctrines of the early Chris- 
tian Church. Even their enemies will hardly deny that they dis- 
played faith, courage, and endurance, when they resolved, after being 
expelled from one settlement after another, to plunge into the un- 
known wilderness, and to found a new Zion beyond the existing lim- 
its of the United States. These qualities have triumphed over great 
physical difficulties, and a stranger is astonished at the prosperity 
which Mormon industry has produced. A carefully-organized system 
of irrigation has converted a barren desert into a productive garden, 
and has had the remarkablei effect of raising the permanent level of 
the lake ten feet higher than it was in 1860. Every requirement of 
the religious community is abundantly supplied by contributions, as- 
sessed and collected upon voluntary principles. Besides the immense 
new Tabernacle, a temple is now in course of construction, almost 
Egyptian in its massive grandeur, toward which all the faithful con- 
tribute, those who cannot afford money giving their Jabor. The In- 
dians in Utah have been conciliated by the humane policy of feeding, 
clothing, and teaching, instead of fighting them. The old accusations 
of violence and cruelty toward Gentile immigrants, or Mormon de- 
serters, if not altogether disproved, have at least been lived down in 
recent times, and the existence of a military camp near Salt Lake 
City is now, probably, more unnecessary than it would be at any 
other town west of the Bocky Mountains. In order to appreciate the 
tranquillity, sobriety, and steady industry of Deseret (as the Mormons 
prefer to name tlieir country), it may be contrasted with Nevada, an 
adjoining State almost identical with Deseret as to soil, climate, and 
mineral products. The so-called Silver State stands now preeminent 
in the Union for its turbulent manners, for the number of its liquor- 
sbops, and as being the only State which legalizes public gambling. 
Of course, Nevada is merely passing through a certain rude stage of 
her existence, just as California had done before her, and she, too, 
will one day set her house in order ; the remarkable point is that 
Utah should, alone among the young communities of the far West, 
have altogether escaped such a condition of things. To many persons * 
this will appear to be sufficiently explained by the fact that the Mor- 
mons both preach and practise habits of extreme temperance, almost 
amounting to total abstinence from every sort of stimulant. 

Considerable hostility undoubtedly exists between the Mormons 
and some of their Gentile fellow-residents ; this is greatly due to the 
bitter attacks of certain local newspapers upon the Latter-day Saints, 
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and upon those who show them any favor. When I was in Salt Lake 
City, the Governor of Utah Territory was very severely assailed for 
his alleged partiality toward the Mormons, and a grim hope was at 
the same time expressed that Mr. Brigham Young might shortly take 
the place merited by him " at the only fireside, which we know of, large 
enough to accommodate him and the whole of his family." That 
such expressions are publicly used in speaking of a man whom the 
great bulk of the community regard as an inspired prophet, is a suffi- 
cient proof that no terrorism is now exercised against dissenters from 
the dominant church of Utah. To a stranger like myself, desirous of 
understanding as far as possible the tenets of their faith, a frank and 
friendly reception was accorded by such of the Mormon leaders as I 
had an opportunity of visiting. Every explanation asked for was at 
once afforded, but I do not feel justified in mentioning names, or in 
repeating any private conversation, although it was probably not in- 
tended to be confidential. A passing stranger can only see the exter- 
nal surface of society, and in this respect there is nothing very 
remarkable in Salt Lake City. The parlor of a flourishing Mormon 
householder does not differ much in appearance from that of an 
Englishman who happens to have a numerous family, with a large 
proportion of sisters or daughters. A new and somewhat startling 
sensation is, however, experienced during the ceremony of introduc- 
tion on first hearing the words, " Now, sir, let me introduce you to 
another of my wives." The strangeness of these words mainly con- 
sists in the very fact that they are uttered, not by a dark-skinned bar- 
barian, but by a gentleman answering to the description of the English 
soldiers given by " Le Consent de 1813 " — " blancs, bien ras6s, comme 
de bons bourgeois " — and in a room with all the familiar surround- 
ings of civilized domestic life. The public worship of the Church of 
Jesus Christ of Latter-day Saints, as the Mormons invariably designate 
their own sect, is conducted with great simplicity, very much as it is 
in an English dissenting chapel, and the preponderance of ladies is by 
no means greater than that to which we are accustomed in places of 
worship generally. The only marked peculiarity is the administra- 
tion of the Lord's Supper in water instead of wine, and of this sacra- 
ment it appears to be customary for all the faithful present to par- 
take, old and young alike. The hymns are sung by a mixed choir of 
young men and women, and addresses are delivered by eminent Mor- 
mon elders. When I was present, the speakers were Mr. Daniel H, 
Wells, Mayor of Salt Lake City, and Mr. Cannon, brother of the 
delegate from Utah Territory to Congress. All religious argument 
was based upon the authority of the Bible, to which the Mormofi 
revelations claim to be additio9ialy but in no sense contrary. Vari- 
ous Mormon doctrines were touched upon, and special allusions were 
made to the persecutions undergone by the Saints in past times, and 
to those which appeared to menace them in the future. Although not 
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yet half a century old, the Church of Jesus Christ of Latter-day 
Saints has passed through a baptism of fire, and living men can speak 
with mingled pride and sorrow of personal friends who died as mar- 
tyrs to their religious faith. ThiFty years ago Nauvoo, in Illinois, 
was a Mormon settlement, almost equal in population and prosperity 
to Salt Lake City at the present day; those who witnessed its total 
destruction can hardly be considered idle alarmists, when they allude 
to the possibility of trials yet to come. The tone of the speakers 
was thoroughly practical, exhorting to industry and sobriety, to 
abstention from all stimulants, including tobacco, coffee, and tea, and 
to the cultivation of all the useful arts, *' even those of war, if neces- 
sary to the safety of our community." These exhortations were 
mainly addressed to the juniors present, a saving clause being in- 
serted for those seniors who had borne the burden and heat of the 
evil days, and who, having now established this mountain refuge for 
the Saints, might require to " solace decaying nature " with an occa- 
sional narcotic. The addresses breathed a tolerant and rational spirit, 
the doctrines inculcated were simply those of a charitable form of 
Christianity, and there was no mention of that peculiar domestic 
institution which sums up in the minds of so many all notions con- 
. nected with Mormonism. 

After all, it is upon " plural marriages " that the interest as well 
as the hostility of the outer world has always been concentrated ; a 
Mormon is simply regarded as a man with a number of wives, and 
beyond this most people know little, and care less, as to the doctrines 
or customs of the Latter-day Saints. Were it not for their polygamy, 
it seems probable that the Moi-mons might now enjoy the same per- 
fect toleration which is extended in America to other forms of reli- 
gious eccentricity, and that Deseret would long ere this have taken 
her place among the States of the Union. • On the other hand, it 
must be borne in mind that polygamy is a comparatively recent 
innovation, condemned by the Book of Mormon in the strongest pos- 
sible terms : 

" The word of God burdens me because of your grosser crimes. For behold, 
thus saith the Lord, this people (the Kephites) begin to wax in iniquity; they 
understand not the Scriptures ; for they seek to excuse themselves because of 
the things which were written concerning David and Solomon his son. Behold, 
David and Solomon truly had many wives and concubines, which thing was 
abominable before me, saith the Lord ; wherefore, thus saith the Lord, I have 
led this people forth out of the land of Jerusalem, by the power of mine arm, 
that I might raise up unto me a righteous branch from the fruit of the loins of 
Joseph. Wherefore I, the Lord God, will not suffer that this people shall do 
like unto them of old. Wherefore, my brethren, hear me, and hearken to the 
word of the Lord ; for there shall not any man among you have save it be one 
wife, and concubines he shall have none ; for I, the Lord God, delighteth {sic) 
in the chastity of women." 
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These are the words of " Jacob, the brother of Nephi," and words 
could hardly be more distinct or emphatic; but theologians can 
generally manage to explain away inconvenienti texts and hard say- 
ings, while in this case it may be held by the Saints that the above 
injunctions were repealed by the subsequent " Revelation on Celestial 
Marriage." This tardy revelation, vouchsafed to Joseph Smith shortly 
before the close of his career, is the sole warrant for plurality of wives 
— a practice which is general among the Mormon leaders, but not 
throughout the community at large. With them, as with Mohamme- 
dans or Hindoos, polygamy is doubtless very much a question of ex- 
pense, and I was informed on good authority that probably about one 
in four of the Saints is the husband of more than one wife. The ma- 
jority, therefore, adheres in practice to the " Doctrine and Covenants," 
which book is a recognized authority upon articles of Mormon faith, 
and declares that " one man should have one wife, and one woman 
but one husband, except in case of death, when either is at liberty to 
marry again." The number of wives ascribed to eminent individuals 
is usually exaggerated, sixteen being the largest number admittedly 
married to one man, and six constituting the household of a wealthy 
and influential elder. 

The Mormons compare themselves to the Jews, as well as to the 
early Christians ; they have been a persecuted people, driven forth to 
wander through trackless deserts, and are now living apart from their 
neighbors in a theocratic commonwealth of their own. Their pre- 
cedents on behalf of polygamy are mainly drawn from the Hebrew 
Scriptures ; but they also assert that they have in their favor the ex- 
ample of the primitive Christian Church. Without going into their 
arguments, it may be at once conceded that polygamy was sanctioned 
by the ancient Hebrew law ; but it is not the less out of date in the 
new world of America, and is a standing peril to the Church of the 
Latter-day Saints. By an act of the Utah Legislature, the right of 
suffrage has been conferred on " all American women, native or nat- 
uralized," and it hardly seems possible that polygamy can long sur- 
vive such legislation. At present the extension of the franchise among 
persons, few of whom are " native " Americans, and many of whom 
are very imperfectly educated, probably strengthens the Hands of the 
Mormon leaders by swamping entirely the Gentile element. But such 
an effect is not likely to be permanent, for the rising generation will 
be educated; in 1871, just after the passing of the act above teferred 
to, sixty per cent, of the girls between four and sixteen years of age 
were enrolled as scholars throughout Utah Territory, being slightly 
in excess of the percentage among boys of the same age. Equality 
between the sexes in education and in electoral privileges must tend 
to bring about social and I'eligious equality also, and the example of 
their independent sisters in Wyoming Territory, where women enjoy 
complete civil rights, will not be thrown away upon the ladies of Salt 
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Liake City. The tone of public feeling throughout the neighboring 
States and Territories is more favorable toward " woman's rights " 
than it is in any other part of the world; and, even if this be partly 
due to a reaction produced by Mormonism, it cannot fail in time to 
influence the female electors of Utah. Thus it is possible that a peace- 
able solution of the difficulty may lie found, and polygamy maybe 
abolished, not by external force, but by constitutional action within 
the Mormon community itself. 

Meanwhile, this church of the nineteenth century possesses amaz- 
ing vitality, and seems to carry us back to a by-gone era of belief, 
exhibiting as it does the phfenomenon of a religious sect heartily con- 
vinced of its future mission and claiming the present for its own. 
While other churches look to the past for all that is best and truest 
in religion, the Latter-day Saints regard the present also as a period 
of miracle and revelation. They expect, in the immediate future, the 
conversion of all who inhabit their vast continent with as serene a con- 
fidence as that with which the early Christians seem to have antici- 
pated the evangelization of the Roman Empire. It may be said of 
them that in theology they maintain the modern doctrine of continu- 
ity, rather than ancient theories of convulsion and catastrophe. Ac- 
cepting, in a literal .sense, the Jewish and Christian Scriptures, they 
apparently entertain no fear lest scientific research should undermine 
their faith, as they look for a continuous course of revelation, which 
shall harmonize theology with the general advance in human knowl- 
edge. 

The title of Parley P. Pratt's recent work, " Key to the Science 
of Theology," 1874, may seem almost to involve a contradiction in 
terms ; but it indicates the desire of a distinguished Mormon theolo- 
gian to keep abreast, if possible, of the scientific spirit of the age. 
Whether the attempt to do this may have proved successful or not, 
his policy is surely wiser than that which has frequently placed sci- 
ence and theology in opposition so direct, that every conquest of 
knowledge over ignorance has appeared to be also a victory over re- 
ligion. Indeed, Mr. Parley Pratt is entitled to a welcome from the 
lovers of free thought, considering how rarely theologians seek to iden- 
tify the progress of their own tenets with that of humanity in every 
department of science and art, and how seldom it is that they do not 

" Grow pale 
Lest their own judgments should become too bright, 
And their free thoughts be crimes, and earth have too much light.** 

To quote his own words : 

" The creeds of the Fathers seem to have been cast in the mould of other 
ages, to be adapted to a more narrow sphere of intellectual development, and to 
'be composed of material too much resembling cast-iron ; or, at least, not suf- 
ficiently elastic to expand with the expansion of mind, to grow with the growth, 
and advance with the progressive principles of the age. For these reasons, per- 
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haps more than any other, the master-spirits of the age are breaking loose from 
the old moorings, and withdrawing from established and venerated systems^' 

Holding these views, Mr. Parley Pratt has aimed at embodying, 
in his introductory key, a general view of what he calls the Science 
of Theology, " in a concise and somewhat original manner and style, 
as gathered from revelation, history, prophecy, reason, andf analogy." 
The revelation and prophecy referred to and founded upon are partly 
those accepted by all orthodox Christians, partly those of recent 
date (such as the Book of Mormon and the Doctrine and Covenants) 
peculiar to the followers of Joseph Smith. It is hard to reconcile 
polygamy with " the progressive principles of the age," and with 
modern ideas as to the social position and dignity of woman; but 
Mr. Parley Pratt is not without a scientific plea on behalf of his theo- 
logical dogma. He maintains that — 

" The principal object contemplated by this law is the multiplication of the 
children of good and worthy fathers, who will teach them the truth, and this is 
far preferable to sending them into the world in the lineage of an unworthy or 
ignorant parentage. ... A wise legislation, or* the law of God, would punish 
with just severity the crimes of* adultery or fornication, and would not suffer 
the idiot, the confirmed, irreclaimable drunkard, the man of hereditary disease, 
or of vicious habits, to possess or retain a wife ; while at the same time it 
would provide for a good and capable man to honorably receive and entertain 
more wives than one. . • . The restoration of pure laws and practices has already 
conmienced to improve or regenerate a race. A holy and temperate life ; pure 
morals and manners; faith, hope, charity; cheerfulness, gentleness, integrity; 
intellectual development, pure truth, and knowledge, will produce a race more 
beautiful in form and features, stronger and more vigorous in constitution, hap- 
pier in temperament and disposition, more intellectual, less vicious, and better 
prepared for long life and good days in their mortal sojourti. Each generation 
governed by the same laws will still improve." 

This sounds plausible enough in theory, and perhaps the result of 
polygamy as practised in Utah is, that a large proportion of offspring 
is born to the most energetic, intelligent, and industrious citizens. 
In an age when there is reason to fear an increasing tendency to 
" non-survival of the fittest," such a result may be admitted as tend- 
ing to counterbalance some of the disadvantages attending plurality 
of wives. 

The highest types of domestic animals have been developed under 
a system of breeding and selection, very similar to that which is ad- 
vocated in the above quotations, and the burden of proof seems to 
rest upon those who maintain that a high type of humanity cannot 
be developed after a similar fashion. Should the Mormons succeed 
in carrying out practically, for a few generations, any such ideas as 
are above alleged to be the main objects contemplated in their law of 
polygamy, they would have fair grounds for the belief that they are 
destined to inherit the whole earth. 
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A race of human beings developed (if such a thing were feasible) 
by strictly scientific selection and culture could not fail to gain the 
upper hand in the general struggle for dominion, but it remains to be 
seen whether any success in this direction will attend the system 01 
the Mormons. 

^' Our physical organization, health, yigor, strength of body, intelleotaal fac- 
ulties, inclinations, etc., are influenced very much by parentage.' Hereditary 
disease, idiocy, weakness of mind or of constitution, deformity, tendency to 
violent and imgovernable passions, vicious appetites and desires, are engendered 
by parents, and are bequeathed as a heritage from generation to generation." 

These are the words of* a leading apologist, of polygamy, who founds 
an argument in his own favor upon this truth, now generally admit- 
ted, but almost as generally ignored. It is impossible here to discuss 
so wide and so difficult a question, and I must limit myself to these 
few brief quotations from the " Key to the Science of Theology,'* 
leaving the reader to judge of their worth. 

The series of pamphlets by Orson Pratt contains discussions on a 
great variety of questions connected with Mormonism. In particular 
the " Divine Authenticity of the Book of Mormon " is considered at 
great length, a^ well as the question, " Was Joseph Smith sent of 
God ? " 

Mr. Orson Pratt endeavors to show, in the first place, that to ex- 
pect more revelation is not unacriptural ; secondly, that it is not un- 
reasonable ; and, thirdly, that it is indispensably necessary. He then 
goes on to compare the evidences of the Book of Mormon and of the 
Bible, alleging that both alike have been confirmed by miracles, and 
that the prophecies of the Bible, especially those of Isaiah, have been 
fulfilled in the Book of Mormon and in the history of Mormonism. 
Throughout his elaborate arguments he assumes the genuineness and 
authenticity of the Bible, an assumption which he is of course entitled 
to make in arguing with orthodox Christians. His position is : The 
truth of the Bible rests upon sufficient evidence, and this evidence is 
in every way weaker than that which can be adduced for the Book 
of Mormon — ^therefore, a fortiori^ the Book of Mormon is true. 
Whatever may be the flaw in this syllogism, those whom Archdeacon 
Paley satisfies cannot fail to have some trouble in disposing of Mr. 
Orson Pratt. Toward other Christian sects, whose creeds " are an 
abomination unto the Lord," the Mormon apostle displays but little 
brotherly feeling. Upon papist and Protestant alike he pours out 
the vial of his wrath and contempt in language almost too forcible 
for quotation ; but he seeks to base every reproach directed against 
them upon texts from the orthodox Scriptures. The pamphlet enti- 
tled " The Bible and Tradition, without Further Revelation, an Insuf- 
ficient Guide," is, in fact, a powerful onslaught upon modern Christen- 
dom, perhaps- as damaging as any that a professed unbeliever could 
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have made, although in this' case the assailant accepts with reverence 
the Christian Scriptures, seeking to found thereon a revelation newer 
and more complete. 

It is somewhat disappointing, if the Book of Mormon is to be ac- 
cepted as the new revelation, to find it so very inferior, alike in matter 
and in style, to its great predecessors. Nearly equal in bulk to the 
Old Testament, it lacks altogether the poetic grandeur and the graph- 
ic force of the Hebrew Scriptures, although the Biblical phraseology 
has been laboriously imitated throughout. It is styled " An Account 
written by the Hand of Mormon upon Plates taken from the Plates 
of Nephi. Translated by Joseph Smith, Jr. : " 

" Wherefore it is an abridgment of the record of the people of N'ephi, and 
also of the Lamanites ; written to the Lamanites, who are a renmant of the 
house of Israel; and also to Jew and Gentile; written by way of conunand- 
ment, and also by the spirit of prophecy and of revelation. Written and sealed 
up, and hid up unto the Lord, that they might not be destroyed ; to come forth 
by the gift and power of God imto the interpretation thereof : sealed by the 
hand of Moroni, and hid up unto the Lord, to come forth in due time by the 
hand of Gentile ; the interpretation thereof by the gift of God. 

" An abridgment taken from the Book of Ether also ; which is a record of 
the people of Jared ; who were scattered at the time the Lord confounded the 
language of the people when they were building a tower to get to heaven ; 
which is to show unto the remnant of the house of Israel what great things the 
Lord hath done for their fathers ; and that they may know the covenants of the 
Lord, that they are not cast off forever ; and also to the convincing of the Jew 
and Gentile, that Jesus is the Ghbist, the Etebnal God, manifesting himself 
unto all nations. And now if there are faults, they are the mistakes of men ; 
wherefore condenm not the things of God, that ye may be found spotless at the 
judgment-seat of Christ." 

The sacred volume is divided into thirteen books, bearing the names 
of various prophets, one of whom is Mormon. The last book is that 
of Moroni, who says : 

" Behold I, Moroni, do finish the record of my father. Mormon. Behold, I 
have but few things to write, which things I have been commanded by my 
father. And now it came to pass that, after the great and tremendous battle 
at Cumorah, behold, the Nephites, who had escaped into tlie country southward, 
were hunted by the Lamanites, until they were all destroyed ; and my father 
also was, killed by them, and I even remained alone to write the sad tale of the 
destruction of my people. But, behold, they are gone, and I fulfill the com- 
mandment of my father. And whether they will slay me, I know not ; there- 
fore I will write and hide up the records in the earth, and whither I go it mat- 
tereth not. Behold my father hath made this record, and he hath written the 
intent thereof. And behold, I would write it also, if I had room upon the 
plates ; but I have not ; and ore I have none, for I am alone ; my father hath 
been slain in battle, and all my kinsfolks, and I have not friends, nor whither 
to go ; and how long the Lord will suffer that I may live I know not. Behold, 
four hundred years have passed away since the coming of our Lord and Saviour. 

** And now, behold, we haive written this record according to our knowledge 
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in the characters which are called among us the reformed Egyptian, being 
handed down and altered by ns, according to our manner of speech. And if 
our plates had been sufficiently large, we should have written in Hebrew ; but 
the Hebrew hath been altered by us also ; and if we could have written in 
Hebrew, behold, ye would have had no imperfection in our record. But the 
Lord knoweth the things which we have written, and ^so that none other 
people knoweth our language, therefore he hath prepared means for the inter- 
pretation thereof. And these things are written, that we may rid our garmeuts 
of the blood of our brethren, who have dwindled in unbelief. And behold, 
these things which we have desired concerning our brethren, yea, even their 
restoration to the knowledge of Christ, is according to the prayers of all the 
saints who have dwelt in the land. And may the Lord Jesus Christ grant that 
their prayers may be answered according to their faith; and may God the 
Father remember the covenant which he hath made with the house of Israel ; 
and may he bless them forever, through faith on the name of Jesus Christ 1 
' Amen." 

The record in question professes to contain a history of the Ameri- 
can Continent from the date of its first colonization by Jiired and his 
brother at the time of the dispersion from Babel down to the year 
A. D. 420, when Moroni, the last of the Nephite prophets, buried his 
plates in the hill of Cumorah. This account of prehistoric America is 
but a tedious composition, full of battles and slaughter, full of proper 
names, of reiterations, and of unnecessary phrases. We are told how 
the Jaredites, emigrants from the valley of Ni^mrod, who " did carry 
with them Deseret, which by interpretation is a honey-bee," attained 
to great civilization and prosperity in North America, and were ut- 
terly destroyed by internecine warfare about the year 600 b. c. They 
were succeeded by a " remnant of the house of Joseph,'* brought from 
Jerusalem in the reign of Zedekiah to inherit the land. These appear 
to have crossed the Pacific Ocean, landing on the west coast of South 
America, whence they eventually overspread that contineut. Th«y 
separated before long into two distinct nations, known as Nephites 
and Lamanites, the former migrating from the persecutions of the lat- 
ter, and sailing " forth into the west sea by the narrow neck which 
led into the land northward." Through the personal ministry of 
Jesus Christ, who visited them shortly after his ascension, the Ne- 
phites were converted from the Mosaic to the Christian faith, which 
was in time accepted by the Lamanites also ; and for two hundred 
years they prospered and multiplied, and there was no contention in 
the land, all things being common among them. This golden age was 
succeeded by a period of apostasy ; " and from that time forth they 
did have their goods and their substance no more common among 
them, and they began to be divided into classes, and they began to 
build up churches unto themselves, to get gain, and began to deny 
the true church of Christ." A terrible war broke out between the 
Nephites, now settled in North America (known as the land Desola- 
tion), and the Lamanites, who invaded them from the land Bountiful, 
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lying southward of tbe Isthmus of Darien. This war ended in the an- 
nihilation of the Nephites, " an exceeding fair and delightsome peo- 
ple," while a degraded remnant of the Lamanites still survive, after 
fifteen centuries of rapine and discord, under the name of American 
Indians. " Now the heads of the Lamanites were shorn ; and they 
were naked, save it were skin, which was girded about their loins ; 
and the skins of the Lamanites were dark, according to the mark 
which was set upon their fathers, which was a curse upon them be- 
cause of their transgression." Thus the term Gentile is properly used 
to denote the white man^ as distinguished from the copper-colored 
house of Israel, and the Mormons themselves are expressly described 
as the " Gentile Saints," For the remnant of Joseph a glorious future 
is prophesied. They, the despised redskins, shall have the land for 
their inheritance, and it shall be " a land of liberty unto the Gentiles, 
and there shall be no kings upon the land." They are to be the chief 
agents in building the N^w Jerusalem, and will be converted and re- 
deemed before their brethren of Judah. 

The story of the plates, from which the sacred book is said to 
have been translated, first into English, and subsequently into nearly 
all the European languages, is of some interest from an archaeologi- 
cal point of view, and may be told in a few words. They are de- 
scribed as having been found by Joseph Smith in a cyst composed of 
six stones, smooth on the inner surfaces, and firmly cemented together. 
This stone box was buried in the side of a hill near Palmyra, in the 
State of New York. The plates had the appearance of gold, were six 
by eight inches in width and length, each plate being nearly as thick 
as common tin. They were filled on both sides with small char- 
acters beautifully engraved, and were fastened at one edge with 
three rings running through the whole : thus bound together they 
formed a volume about six inches in thickness, a part of which was 
sealed. Various unsuccessful attempts were made by the enemies of 
Joseph Smith to obtain possession of these plates, and they finally 
disappeared, having been examined and described by eleven persons, 
whose testimony, signed with their names, is added to the Book of 
Mormon. 

The evidence of these persons would have been more conclusive 
had not all of them been believers in the new prophet ; moreover, the 
disappearance of the plates is not quite satisfactorily explained- by 
the statement that they were restored to- the charge of the angel . 
under whose guidance they were discovered. Still the actual exist- 
ence, as well as the genuine antiquity, of plates such as Joseph Smith 
is said to have brought to light in 1827, seems to have been sufficiently 
verified elsewhere. 

In 1843, near Kinderhook, Illinois, in excavating a large mound, 
six brass plates were discovered, of a bell-shape, four inches in length, 
and covered with ancient characters. They were fastened together 
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with two iron wires, almost entirely corroded, and were found, along 
with charcoal, ashes, and human bones, more than twelve feet below 
the surface of a mound of the sugar-loaf form common in the Mis- 
sissippi Valley. Large trees growing upon these artificial mounds 
attest their great antiquity, and doubtless they contain much that 
will reward future investigation. No key has yet been discovered 
for the interpretation of the engravings upon these brass plates, or of 
the strange glyphs upon the ruins of Otolum, in Mexico ; but when 
an amount of talent, learning, and labor, equal to that bestowed upon 
Egyptian hieroglyphics or Assyrian cuneiform characters, has been 
devoted to American antiquities, we may hope to learn something of 
those mysterious races whose history the Book of Mormon professes 
to tell. 

But if we admit that the plates themselves may have been genu- 
ine, our faith in the founder of Mormonism, as a sincere religious 
enthusiast, is staggered by his mode of interpreting their contents. 
He tells us that he found along with the records an instrument, called 
by him the Urim and Thummim, and described as consisting of " two 
transparent stones set in the rim of a bow." Through the medium of 
this instrument, he says that he translated the unsealed portion of 
these scanty records, the result being a bulky volume in English, but 
he does not explain whether he used it as a magnifier, nor how it 
proved to be a Rosetta stone for his hieroglyphics, merely asserting 
that it was " by the gift and power of God." That Joseph Smith 
believed in his own mission, his character and career alike appear to 
indicate, and the many ecstatic visions which he describes were prob- 
ably real enough to him, but the compilation of the Book of Mormon 
was an act involving much time and labor, and cannot be accounted 
for by ecstasy. 

In these days of La-Salette and Paray-le-Monial it is, perhaps, 
too much to say that a miracle, in order to find acceptance among 
educated persons, must be relegated to a remote age and country, and 
must be invested with a certain amount of external dignity. It is, 
however, a severe test of faith to be called upon to accept miracles 
and revelations from a prophet well known to men yet living as " Joe 
Smith," and referred to as "Mr. S." in the writings of so eminent a 
disciple as Mr. Orson Pratt. A most remarkable man Mr. S. un- 
doubtedly was, capable of inspiring alike inestinguihil odio, ed indo- 
mato amor. The bitter hostility of his opponents was more than 
equaled by the devoted zeal of his converts, and, although murdered 
by mob violence at the early age of thirty-eight, he had already so 
well accomplished his work that the new creed, instead of dying with 
him, continued to spread with increasing rapidity, and was preached 
by his apostles and elders in every quarter of the globe. He was a 
New-En glander, born A. d. 1805, in the State of Vermont, and began 
to have visions when he was about fourteen years of age. In 1830 
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the Church of Jesus Christ of Latter-day Saints was first organized 
at Fayette, in the State of New York, and its headquarters were 
moved gradually westward, until a considerable settlement was formed 
in Jackson County, Missouri. Here it was expected that the New 
Jerusalem would be built, but an organized system of persecution 
drove the Saints out of the State of Missouri, and in 1839 they took 
refuge in Illinois, where they built the city of Nauvoo, in Hancock 
County, on the banks of the Mississippi, and enjoyed a short respite 
from persecution. But in 1844 popular hostility broke out with in- 
creased violence, and Joseph Smith (who had been frequently brotight 
before judicial tribunals, and invariably acquitted) proceeded with 
his brother Hyrum to Carthage, where they surrendered themselves 
prisoners on a charge of treason, the Governor of Illinois having 
promised them protection and a fair trial. On the 2^th of June, 1844, 
a large body of men, with their faces blackened, surrounded the 
prison, and murdered the two brothers Smith. Several of these men 
were indicted for murder, and were tried about a year later, but they 
were acquitted. The persecution of the Mormons did not slacken 
after the death of their prophet, and in September, 1845, an armed 
mob commenced burning houses in Hancock County, while the au- 
thorities declared that the State was unable to protect the Mormons, 
and they must therefore go. Preparations were made by Brigham 
Young, President of the Twelve Apostles, and the other leaders of 
the church, to explore the Rocky Mountains in accordance with an 
expressed inteiition of the deceased prophet, and in February, 1 846, 
the exodus of the Mormons commenced. It was not, however, rapid 
enough to satisfy their enemies, and in September the city of Nau- 
voo was burned by an armed mob, after several days' siege, and the 
remnant of the Mormons was driven across the Mississippi into 
Iowa. In the spring of 1847 Brigham Young, with a party of pio- 
neers, started from his winter-quarters on the Missouri in search of a 
place of settlement. On the 24th of July he reached the Great Salt 
Lake Valley, after a laborious march of more than one thousand 
miles through an unexplored country. After erecting a fort, and 
hoisting the stars and stripes upon what was then Mexican territory, 
President Young hastened back to the banks of the Missouri, and in 
the fall of 1848 he arrived once more in Salt Lake Valley, with eight 
hundred wagons, and the main body of the Mormons. The severest 
hardships were undergone by these people, not only during their 
march, but during the first two years after settling in this barren 
valley, four thousand three hundred feet above the sea, but strict dis- 
cipline was enforced in the camp, and a careful system of rationing 
was ma-intained, until an abundant harvest at last put an end to the 
necessity. In 1850 the Territorial government of Utah was organ- 
ized by act of Congress, and Brigham Young was appointed Governor 
by the President of the United States. From that time forward the 
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new colony has continued to prosper and progress with almost unex- 
ampled rapidity, in spite of great disadvantages as to soil, climate, 
and situation. 

There are few countries on the face of the globe where the Lat- 
ter-day Saints have not attempted to preach their gospel, but as a 
rule their preaching has not been tolerated. The records of their 
missionary efforts make it obvious enough why they obtkin so large 
a proportion of their converts from Great Britain and Denmark, 
while so few come from the Roman Catholic countries of Europe ; 
except in, Scandinavia and the British Empire, the foreign missions 
of the Mormons have failed through the opposition of the powers 
that be, who have not only prohibited the missionaries from preach- 
ing, but in many cases have expelled them from the country. Even 
in Norway, so bitterly hostile were the ecclesiastics as to decide that 
the Church of Jesus Christ of Latter-day Saints is not a Christian 
sect, in order to deprive it of the protection guaranteed by Nor- 
wegian law to all Christian dissenters. Three paragraphs from the 
Mormon Creed, as stated by Joseph Smith himself, will show the in- 
justice of such a decision : 

" We believe in God, the Eternal Father, and in His Son, Jesus Christ, and 
in the Holy Ghost. We believe that through the atonement of Christ all man- 
kind may be saved by obedience to the laws and ordinanoes of the Gospel. We 
believe that these ordinanoes are: First, Faith in the Lord Jesus Christ ; second, 
Bepentance ; third, Baptism by immersion for the remission of sins ; fourth. 
Laying on of hands for the Gift of the Holy Ghost." 

It is supposed that a larger percentage of the Danes than of any 
other nation has hitherto embraced Mormonism, and a Danish news- 
paper is regularly published at Salt Lake City. Since the separation 
of Schleswig-Holstein from Denmark, the recruiting-ground of the 
Mormons has been reduced, as their preaching has been rigidly sup- 
pressed in those duchies. Of late years the immigration into Utah 
from the European missions has varied from one to four thousand per? 
sons annually. The most active attempts at propagandism appear to 
have been made about the years 1862-'53, but in this country a Mor- 
mon mission was founded as early as 1837, six years before the " Reve- 
lation on Celestial Marriage " had given its peculiar character to Mor- 
monism. 

It was not until 1843, thirteen years subsequent to the publication 
of the Book of Mormon, and to the first organization of the Church of 
Latter-day Saints, that Joseph Smith proclaimed this new and star- 
tling revelation. The style of the document resembles that of the 
Book of Mormon, but it reveals " a new and an everlasting covenant,'* 
distinctly at variance with the teachings of that book already quoted, 
and justifies the patriarchs, and David and Solomon, " as touching the 
principle and doctrine of their having many wives." It is addressed 
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to " my servant Joseph," and confers upon him " the keys and power 
of the priesthood : And verily, verily I say untp you, that whatsoever 
you seal on earth, shall be sealed in heaven." Upon " mine hand- 
maid, Emma Smith, your wife," on the other hand, obedience and 
submission are inculcated in the strongest terms. She is required to 
" receive all those that have been given linto my servant Joseph — 
And I command mine handmaid, Emma Smith, to abide and cleave 
unto my servant Joseph, and to none else. But if she will not abide 
this commandment she shall be destroyed, saith the Lord." The 
revelation contains twenty-five short paragraphs only ; it is some- 
what apologetic in general tone, and is full of scriptural quotations 
and precedents. A considerate stipulation is made for the consent of 
the first bride, when another is to be espoused : " As pertaining to 
the law of the priesthood : If any man espouse a virgin, and desire 
to espouse another, and the first give her consent ; and if he espouse 
the second, and they are virgins, and have vowed to no other man, 
then is he justified." A marriage contracted under the new covenant, 
and sealed by the appointed authority, is valid to all eternity, whereas 
in the case of ordinary married persons death terminates the con- 
tract, and for them. in heaven there will be neither marrying nor giv- 
ing in marriage. 

Such are the terms of Joseph Smith's " Revelation of Celestial Mar- 
riage," which reminds one of the convenient doctrines from time to 
time revealed to Mohammed upon analogous subjects. One more reve- 
lation and prophecy remains to be noticed ; it is said to have appeared 
in the " Pearl of Great Price," published at Liverpool in 1861, and to 
have been " given by the prophet, seer, and revelator, Joseph Smith," 
on Christmas-day, 1832. The date of publication tb the point requir- 
ing verification, and a genuine copy of the pamphlet above named 
would be invaluable, as the language of the alleged prophecy has no 
prophetic ambiguity, and the fulfillment has been complete. In a few 
terse words are described the rebellion of South Carolina, and the 
consequent civil war, the appear of the Southern States to Great 
Britain for aid, the arming of the slaves against their masters, and 
the outbreak of hostilities with the Indians. If there is any accuracy 
in the dates as stated, Joseph Smith must have been a man of rare 
political sagacity and foresight. 

At the present day most of our religious creeds and systems re- 
semble the great ecclesiastical edifices of the middle ages ; relics of 
days when faith was stronger and zeal was warmer. These magnifi- 
cent relics may indeed be renovated by modern hands, and upon a 
humble scale they can be reproduced, but the power of originating 
such buildings has passed away, and ecclesiastical architecture is no 
longer a living art. So is it with the chief accepted systems of re- 
ligion ; they have come down to us in their existing form from periods 
with which we have nothing else in common ; they are not in harmony 
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with the tone of modern life and thought, and could not have been 
established in modern times. Nevertheless, they stand firmly on their 
ancient foundations, and will long continue to stand, more or less al- 
tered and repaired in accordance with modem exigencies. 

But the Mormon church is an exception ; it has been founded in 
these latter days, and may be said to have introduced a new order 
of ecclesiastical architecture, although ancient materials have been 
largely employed. Hence the doctrines and history of this church 
appear to deserve careful study, for it presents to us a living example 
of what its mightier predecessors must have l^een in their early ca- 
reer. The extinct dinornis may be studied in the existing apteryx, 
and thus (borrowing a fresh metaphor) among the fossils of the past 
we seem to find one recent specimen, still full of organic life, illustrat- 
ing the laws of growth, the habits, and the constitution of those spe- 
cies whose dry bones alone remain to us now. The living apteryx 
seems to be doomed ere long to become like its fossil congeners ; if 
so, the time for study and observation is short. 

Even those who have least sympathy with the peculiar doctrines 
of the Mormons may be willing to enter a protest in their favor, when 
the issue really lies between religious liberty and persecution. They 
are the only Christian sect that has suffered in our own days severe 
persecution at the hands of professing Christians, and their cause on 
that account demands especial sympathy from all who advocate ab- 
solute religious toleration. — Fortnightly Review, 



MORE CONCERNING MECHANICAL TOOLS.' 

By Eev. ARTHUR RIGG, M. A. 

CUTTING edges are sometimes doubled, and thus the chisel 
passes into another group of tools — shears. The most common 
of these is the ordinary household scissors opened and closed by 
hand ; when required for heavier work, then one handle is fixed in a 
vise, and both hands can be employed upon the other lengthened 
arm (see Figs. 1 and 2). At other times this double chisel opens with 
a spring, and then the workman only employs himself in closing such 
upon their work (Fig. 3). Compound lever power is sometimes intro- 
duced, and, as an example of this, here is a pair of very light shears 
called the *' little giant" (Fig. 4), the mechanical contrivances in which 
are so adjusted that we can, smoothly and without jar, cut an iron rod 
one inch wide by one-quarter inch thick. The lightness of the tool 
and the ease in cutting are very noticeable. It is an American con- 

' From a lecture delivered before the London Society of Arts. 
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trivance, and the bar of iron is cut with the same ease as though it 
were of lead. This results to some extent from both jaws approach- 
ing each other. The arrangement of levers, cams, and stays, is 
worthy of examination after the lecture. 




Fia. 1. 



The use of the chisel, however skillfully handled, is not satisfac- 
tory over a surface wider than itself, although widened and made two- 
handed, as Fig. 5, and although the gouge has succeeded, or rather 
been planned to precede it, there is still a tendency almost uncon- 
querable for the tool to follow the leadings of the fibres rather than 
cut through them at a very slight obliquity. 




Fig. 2. 



The only guidance either the axe, the adze, the pick, the gouge, 
or the chisel receives, is from the skill of the workman. Hence these 
tools produce such different work in different hands. However much 
it may be desirable to encourage skill in the workman, it is quite as 
desirable to furnish him with implements which shall make the least 




Fig. a 



demand upon the exercise of this skill — which shall, in fact, so assist 
the skill in one or more directions as to permit all its care in some 
other direction. The assistance which the chisel needs is such as 
shall not only prevent it running deeper into the timber than is de- 
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sired, but sball enable it to be used witb equal facility upon a broad 
as upon a narrow surface. 

Given a rougb piece of timber, nine incbes wide and fiye feet long, 
to be smoothed by tools guided only by the handicraft skill of the 
workman, setting aside the adze as dangerous and unsuitable, the 




Fio. 4. 

probability is, that the tools selected would be gouges and chisels of 
various breadths and curvatures. The order of use would probably 
be, first, the narrow and deeply-curved gouges, ^^, these to be fol- 
lowed by the shallower and broader, ^ ^, these again 'to be followed 

A B ^ 

by the chisels, using in the first place a chisel wider than a b. 

Let us consider what these tools would respectively accomplish 
if the timber is rough, as from the axe or pit-saw. The small gouge 
would corrugate the surface, ^^^ -^-^ ; the second gouge would en- 
large the corrugation to this, >w^wvwx>w^ ; and the chisel might render 





Fig. 6. 

these more irregular. Such considerations as these, combined doubt- 
less with others, led to the designing of what may be generally called 
the "guide principle," and this has been extended to various branches 
of artisan labor. At present we are only concerned with the applica- 
tion of this principle to gouges and chisels. This guide principle 
may consist of a guide as to the depth of cut, or as to the form of the 
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surface, or as to the direction of travel, or as to the correction of cross 
or longitudinal irregularities of surface. 

The guide as to depth of cut is that which probably first pre- 
sented itself as an important appendage to a chisel, and it has led to 
a form of tool of a very useful construction, although of limited range. 
The instrument is called a " spoke-shave." In this case the tool is 
that in Fig. 6 with the guide principle introduced, the depth of cut 
being determined by the nearness of the edge to a parallel wooden 
handle. 

This tool, owing to the position of the application of the power, 
viz., the hands, and the tendency of resistance by the work to turn 
the whole tool in the hand, is not of general use ; where, .however, the 
curvature of surface varies, the parings to be removed are light, and 
the workman can have convenient access, the tool is one capable of 
doing good work, and, in some respects, possesses advantages over 
the plane, to which it probably formed a,p introduction. 

The plane, in its most simple form, consists of a chisel inserted at 
an angle into a box, generally of wood, and with the cutting edge of 
the chisel projecting through the bottom of the box. If the actions 
of a workman be noted as he is smoothing wood with a chisel alone, 
it will be seen that he holds the bevel edge on the wood, and so 
elevates or lowers the handle as to secure a proper and efficient cut. 
Then he advances the tool in a line at right angles 'to its cross-sec- 
tion. If, now, instead of thus continuing to hold the tool, the chisel 
was so fixed in a movable piece of wood as to be at the same angle 
as the worknaan required, then, if the mouth were broad enough, and 
the instrument were propelled along the wood, a shaving would be re- 
moved very nearly the same as that obtained from the chisel alone. 

In the arrangement thus sketched the workman would be relieved 
from the care needed to keep the tool at a constant angle with the 
surface of the timber. There is, however, a fixity of tool here, and 
consequently an optional or needful adjustment called for by any 
varying condition of the problem cannot be had. When operated 
upon by hand alone, if an obstacle to the progress of the tool is pre- 
sented, as, for instance, a twist or curl in the fibre or grain of the 
plank — the presence of a knot — ^then the workman by hand can adjust 
the handle, and so vary the inclination of the cutting edge as the cir- 
cumstances of the case require. Not so if the tool is securely fixed 
in a box as described. . 

While, therefore, one gain has been had, one loss has been encoun- 
tered. Can the gain be made to more than counterbalance the loss ? 
This can only be answered by observing the defects of the primitive 
plane, as hitherto described, and notipg what hopeful elements it 
contains. 

The front of the sole of the box will clearly prevent the pene- 
tration of the incased chisel into the wood, because it cannot now be 
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drawn to follow the fibre, should it lead inwari Suppose, howeyer, 
that in the progress of the work such a place has been reached as 
would have so drawn the chisel inward. What will happen ? Either 
the strength of the indrawing fibre will be so great that the work- 
man will be unable to propel the tool, or, if not thus impeded, he 
must by extra effort separate the fibre and so release the tool. This 
separation, however, will not be by the process of cutting, but by 
that of tearing, and shavings so torn off will have left their marks 
in the roughnesses which attend the tearing asunder of fij^rous 
woods. Thus the tool will defeat the very object for which it was 
designed. 

Now, what is it which so forcibly draws, or tends to draw, the tool 
downward below the surface of the timber ? The forces in operation 
are the hand of the workman and the tenacity of the fibre. If the 
tenacity is greater than the power, the workman must stop. That 
the tool cannot follow the direction of the fibre is clear, because the 
front part of the wooden sole forbids the penetration ; but that it may 
be brought to a standstill, or must tear off the fibre, is also very 
clear. The mechanician has therefore to consider how to defeat these 
tendencies, which, as now sketched, result from a collision between 
the indrawing strength of the fibre and the power of the man to cross- 
cut the fibre by the tool, or else to tear it asunder and leave the sur- 
face rough. 

Since the tool, as now contrived, cannot efficiently cross-cut the 
resisting fibre, and since that fibre has to be removed, the object 
must be either to prevent such an accumulation of fibres as will stop 
the progress of the tool, or to destroy the fibre piecemeal as it is 
operative for hinderance. Both plans have been adopted. A consid- 
eration of the former may prove introductory to the latter, which ap- 
pears in almost all attempts to perfect this tool and its appended 
contrivance. 

As the tool progresses, and the fibres become more and more im- 
peding, it will be clear that a portion of this impediment results from 
a condensation of the fibre in the mouth of the wooden box. The 
more numerous the fibres admitted here, the greater will be the con- 
densation. This state of affairs can be partially obviated by a nar- 
rowing of the mouth of the plane ; such an act, of course, requires that 
the introduced chisel should enter less deeply into the timber being 
operated upon. Although thus abated, the cause is not removed, and 
even if so far abated as to prove no real impediment to the workman, 
yet the quantity of material removed on each occasion will be so 
small that the tool becomes one for finishing work only, and not for 
those various operations to which its present powers enable artisans 
to apply it. 

To be the useful tool it is, the mouth must not be so narrowed, nor 
the inserted chisel so withdrjiwn, that the shaving is thus the thinnest 
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possible. This led to a contriyance now almost universal, that of 
breaking the fibre so soon as it is separated from the piece of timber. 
The designer seems to have considered that, as soon as a short length 
of shaving had been removed, it would be well to destroy the cpntiDU- 
ity of the fibre, and so prevent an accumulative resistance from this 
cause. Hence, instead of allowing the cut-off fibres to slide up the in- 
serted chisel, he bent them forward, in fact, cracked them, and so 
broke the cumulative indrawing force of them. This he accomplished 
by tte use of what is now called the back-iron, and henceforth the 
boxed-in chisel loses its identity, and must be regarded as part of an 
independent tooL 

The tool thus built up is called a plane, and from its general utili- 
ty, and capability of adaptation to various forms and conditions, it is 
well deserving of the high opinions entertained of its powers. Three 
forms of this tool are in general use in English workshops, called the 
"jack," the "trying," and the "smoothing" planes. These are on 
the bench of all workers in smooth, straight-surface wood. Although 
externally alike except in size, they are yet used for diflferent purposes, 
and each has a specialty met with in its construction. These special- 
ties may now be considered. 

After the wood has passed from the sawyer into the hands of the 
carpenter, the surface undergoes those operations which render it 
true and smooth. These three planes do this work. The "jack," 
usually about fifteen inches long, and the " trying " plane, ranging 
from eighteen inches to twenty-four inches long, but, in exceptional 
cases, far exceeding these dimensions, are to external appearances 
alike; indeed, some regard the different handles as the only distinc- 
tions between them, and that these handles show which must be used 
for rough work and which for smooth {see Fig. 8 as an example of the 
handle of a "jack-plane," and Fig. 9 as an example of a "trying-plane 
handle "). This is an error. There are other differences, but the main 
and leading one is the different form given to the edge of the cutting- 
iron. 



S3 




Fig. «. Fi«. 7. 

If the iron of the "jack " plane be looked at from the front end of 
the plane, the form of the edge will be curved, as in Fig. 6 ; but the 
iron of the " trying " plane is straight, as in Fig. 7. "Upon the curva- 
ture of the edge depends the eflcient action of the "jack." 

Sufficient has been said of the tendency of the fibre to draw the 
tool downward ; but it must not be forgotten that the same adhesion 
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of fibre to fibre takes place between the surface-fibres as among those 
below the surface. If tools excluded from this course of lectures had 
entered, we should have found that these connecting surface-fibres 
are separated by the addition of certain supplementary appendages to 
the tools. The depth to which the plane penetrates has led to the 
combination in one edge of such supplementary parts. 

For the purpose of separating the surface connecting fibres, the 
jack-iron is convex. Note now its action. The convex sharp edge 
is pushed along an horizontal plank, penetrating to a depth determined 
by the projection of each vertical section below the sole of the plane. 
The ends of this convex edge are actually within the box of the plane ; 
consequently (sideways) all the fibres are separated by cutting, and 
are therefore smooth and not torn. The effect of this ipon the entire 
surface is to change the surface from the original section to a sec- 
tion irregularly corrugated. The surface after using the "jack" is 
ploughed, as it were, with a series of valleys and separating hillocks, 
the valleys being arcs from the convexity of the tool, and the separat- 
ing hillocks being the intersections of these arcs. All traces of the 
tearing action of the saw have been removed, and from a roughened 
but level surface a change has been made to a smooth but in cross- 
section an undulating one. 

The mechanician's next object is to remove these lines of separa- 
tion between the valleys. For this, the trying-plane is required. The 




Fig. 8. 



trying-plane is longer than the jack, because the sole of the plane 
which is level is, so far as its size goes, the counterpart of that which 
the surface of the wood is to be ; further, the trying-plane should be 
broader than the jack, because its object is to remove the valleys, 
and not to interfere with the wood below the bottoms of the valleys. 
If its action passes below the bottoms of the furrows, then occasion 
arises for cutting the side-connection of the fibres, and, however a 
workman may sharpen the edge of his trying-plane for this purpose, 
he in one respect has destroyed one object of the plane, because, so 
Boon as the iron penetrates below the surface, so soon does the effect 
of the jack-action begin to reappear, and the cutting edge should pass 
from the shape shown in Fig. 8 to the shape in Fig. 7. The result of 
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the trying-plane following the jack is to remove all the elevations of 
wood above the valleys the jack left ; and, secondly, to compensate^by 
its great length for any want of lineal truth consequent upon the 
depth of bite of the jack. Again, the mouth of the trying-plane is 
much narrower than that of the jack ; hence the shavings removed 
are finer ; therefore the slope of the iron, or its inclination to the wood, 
may be less than is the iron of the "jack" — hence the line of cut is 
*more nearly accordant with that of the fibre, and by so much the sur- 
face is left more smooth from the trying-plane than from the jack, as 
there is more cutting and less tearing action than in the jack. The 
reasoning hitherto pursued in reference to the purpose of this sequence 
of a jack and trying plane might and does legitimately produce the 
conclusion tha^, after the trying-plane has done its duty, the work is 
as perfectly finished as it can be. Custom, and {>erhaps other con- 
siderations, have established that after the long trying-plane must 
follow the short and almost single-handed smoothing-plane. So far as 
the form of the iron of the smoothing-plane is concerned, there is no 
difference between it and the one used in the trying-plane ; each (as 
across the plane) is straight, the comers being very slightly cui-ved, 
but only so much as to insure that they do not project below the line 
of the cutting edge. 




Fig. 9. 

The facet edge and inclination of the cutter to the work, and the 
position of the back-iron, are now under consideration. 

It would seem that, while the trying-plane leveled down all the 
elevations left by the jack, and brought the surface of the wood as a 
counterpart of that of the plane, there might be, in the fibre or grain 
of the wood, twists, curls, and other irregularities, which, while lev- 
eled, were yet left rough in consequence of the direction in which the 
cutting edge came upon them. Indeed, this cutting edge in a long 
plane, which must advance in the direction of its length, must at times 
come across a large number of surfaces where the fibre is in opposite 
directions. The consequence is, that there will be various degrees 
of smoothness ; for good work these must be brought to uniformity. 
This is effected by passing a short-soled plane over the respective 
parts of the surface in such directions as observation may suggest. 
Hence the smoothing-plane is of use chiefly to compensate for such 
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changes in the direction of the fibres of the wood as the longer length 
of the trying-plane could not conveniently deal with. Hitherto, we 
have^regarded the plane as arranged with a " guide principle " which 
shall always repeat a straight, level surface. The guide may, how- 
ever, be the counterpart of any required surface. The plane made of 
iron, now in my hand, has an elastic steel sole, which, by means of 
adjusting screws, enables a workman readily to convert a straight- 
faced sole into one either concave or convex. This is an American 
production {see Fig. 10). 




Fig. to. 

There is also in this and other planes a mode of fixing the iron 
which deserved more general adoption than it receives, viz., by a cam- 
action. It will often be noticed that, where the holding-wedge binds 
on the box of the plane in our ordinary planes, the wood has split. 
This arises from a commendable but, in this case, too strict a care 
for a good fit; hence the wedge is made tight where it should be 
Black. 



WHAT AMEEICAN ZOOLOGISTS HAVE DONE FOE 

EVOLUTION.^ 



I 



By Profebbob EDWABD S. MORSE, 

XL 

N the " Memoirs of the American Academy of Sciences " may be 
found a profound mathematical essay " On the Uses and Origin of 
the Arrangement of Leaves and Plants," " by the lamented Chauncey 
"Wright. After discussing 'the laws of phyllotaxy, and showing that 
the botanist is wrong in supposing this a law at the outset, Mr. 
Wright states " one of the utilities, so to speak, in the apparently 

' An address delivered at the meeting of the American Association for the Advance- 
ment of Science. Read at Buffalo, New York, August, 1876, by Edward S. Morse, Vice- 
President of Biological Section. 

* " Memoirs of the American Academy," vol ix., p. 879. 
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undeviating arraDgement of leaves, to be the distributing of leaves 
most rapidly and thoroughly around the stem, exposed more com- 
pletely to light and air, and provided with greater freedom for sym- 
metrical expansion, together with more compact arrangement of 
bud ; " and he asks, '^ What has determined such an arrangement of 
vital forces ? " Theory of types would say, their very nature, or an 
ultimate creative power. Theory of adaptation would say, the ne- 
cessity of their lives, both outward and inward ; or the conditions, 
both past and present, of their existence. 

Whatever tends to show modification in the markings, color, size, 
food, or change in the variety of habits manifested by animals, fur- 
nishes just so many indications of the unstable character of what had 
before been considered stable, and gives an infinitely wider field for 
those unconscious selections whose operations are coincident with* 
every change in the physical features of the earth. On the theory 
of derivation additional confirmation is given to 'the deductions of 
geologists based upon the stratigraphical and paleontological evi- 
dences of the rocks. The survival of a marine crustacean in the deep- 
er waters of Lake Michigan, as discovered by Stimpson, coupled with 
similar occurrences in the lakes of Sweden, suggests the past connec- 
tion of these waters with the ocean. In the same way the persistence 
of arctic forms on high mountain-tops indicates the existence in past 
times of wide-spread glacial fields. The interesting discoveries of Mr. 
Ernest Ingersoll, in the Rocky Mountains, of the occurrence of two 
species of marine moUusks and living crabs belonging to marine forms, 
and tiny air-breathing moUusks peculiar to the Gulf coast and West 
Indies, point as distinctly to the past connection of that region with 
the ocean as the records of marine life left in the rocks. And more 
than this, the survival of these few forms gives us a conception of the 
thousands of animals which have succumbed to the changed condi- 
tions. Connected with the evidences of recent elevation of this re- 
gion are the discoveries of Marsh in finding that, when the gill-bear- 
ing salamander Siredon is brought down from the colder waters of 
the Rocky Mountains to the warmer waters below, a complete change 
takes place in a loss of the gills and the conversion of the animal 
into the air-breathing genus Amhlystoma, 

•This exhibits on a wider scale the experiments often performed in 
keeping tadpoles in the dark and cold, and indefinitely retarding 
their development, thus forcing them, as it were, to retain their ear- 
lier condition. Among the many millions of individuals of Ambly- 
stoma, some must have presented the anomaly of a premature devel- 
opment of their ovaries before the larval stage had passed away 
(similar cases being observed among insects), and thus it has been 
possible for them to perpetuate their kind in this stage. The Axo- 
lotl, having the longest persisted in this mode of growth, has be- 
come, as it were, almost fixed in these retrograde characters, only a 
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few examples being known in which the creatures have lost their 
gills and assumed the mature characters of Amblystoma, but with 
Siredon a change takes place with a proper change of surroundings. 

To American students we are indebted for most valuable contri- 
butions regarding the effect of cave influences on animals living 
within their boundaries. Looking at the cave fauna with its pecul- 
iar assemblage of animals, it would seem that here, at least, the 
question as to the effects of certain external influences, or the absence 
of others in modifying structure, might be found. 

Many years ago the editorS of Silliman'a Journal addressed a 
letter to Prof. Agassiz respecting the blind fishes of the Mammoth 
Cave, and asked his opinion as to whether their peculiar structure 
was due to their cave life, or whether they had been specially created. 
Agassiz's * reply is consistent with his belief. He says, " If physical 
circumstances ever modified organized beings, it should be easily as- 
certained here." He then expresses his conviction that " they were 
created under the circumstances in which they now live, withih the 
limits over which they range, and with the structural peculiarities 
which characterize them at the present day," adding frankly, how- 
ever, that these opinions are mere inferences. 

With the contributions on cave insects by the eminent zo5logist 
Schiodte, and our own naturalists as well, we have now overwhelm- 
ing proof that the blind fishes and numerous other cave animals are 
marked with peculiarities impressed upon them by the unusual envi- 
ronments to which they have been subjected. 

In a work on the animals of the Mammoth Cave, by Dr. A. S. Pack- 
ard and Prof. Putnam, the first-named writer quotes the results of 
Schiodte, wherein he shows the existence of twilight animals in which 
but slight modification occurs, while in darker places the changes be- 
come more profound. 

Dr. Packard ' sums up the results of his work as follows : " We 
then see that these cave animals are modified in various ways, some 
being blind, others very hairy, others with long appendages ; all are 
not modified in the same way in homologous organs, another argu- 
ment in proof of their descent from ancestors whose habits varied as 
their out-of-door allies do at present." 

Prof. E. D. Cope,* in an article on the fauna of Wyandotte Cave, 
in commenting on the loss of eyes in cave animals from absence of 
light, and consequent disuse, says that, to prove it, " we need only to 
establish two or three propositions r 1. That there are eyed genera 
corresponding closely in other general characters with the blind ones, 
2. The condition of the visual organs is in some cave type vari- 
able. 3. If the abortion of the visual organs can be shown to take 
place coincidently with general growth to maturity, an important 

' American Journal of Science, second series, vol. xi., p. 128. 

• " Life in the Mammoth Cave," p. 27. ' American Nxxturalist^ vol. vi., p. 416. 



« Digitized by 



Google 



i84 THE POPULAR SCIENCE MONTHLY. 

point is gained in explanation of the modus operandi of the process." 
He then proceeds to point ont a number of related genera in which 
the external ones present eyes, while the cave forms are blind. As to 
variability, he cites the blind siluroid fish from Conestoga, Pennsyl- 
vania, showing that, while all of several specimens were blind, the 
degree of atrophy was marked not only in different fishes, but even on 
different sides of tbe same fish. In some the corium was perforate, 
yi others it was imperforate. In some the ball of the eye was oval, 
in others collapsed. 

We have in the meagre fauna of the caves convincing proof of the 
gradual undoing of parts — so to speak — on the withdrawal of influ- 
ences favorable to them ; even so exquisite a structure as the eye as 
a result of selection almost inconceivable, yet not only becoming 
rudimentary, but almost disappearing, by the withdrawal of those 
influences which were in part conducive to its building up. So dis- 
tinct are these undoing stages that, were we sure of the stable vari- 
ability of all of them, we could with certainty indicate the relative 
age of each cave inhabitant. 

Prof. Alpheus Hyatt and Prof. E. D. Cope almost simultaneously 
established a number of propositions relating to certain large groups 
of animals which had never been recognized before. The theory of 
acceleration and retardation in which certain groups acquire rapidly 
new characters, while corresponding groups acquire the same charac- 
ters more slowly, forms a portion of the theory of these naturalists. 
Prof. Hyatt has shown among Ammonites a parallel between the 
life-stages of ^ the individual and similar stages in the group based 
upon an examination of suites of specimens as studied by him in 
Europe and Anierica. It is utterly impossible to do the slightest 
justice to the thoroughly original views of these gentlemen without 
the aid of explanatory diagrams. While reluctantly abandoning the 
attempt, I must at the same time express the regret that neither of 
these investigators has seen fit to present to the public an illustrated 
and simple outline of the main features of their theories and the facts : 
Prof. Cope basing in part his propositions ou groups of animals, many 
of which comprise fossil forms brought to light in the West, of which 
but few restorations have yet been made ; and Prof. Hyatt basing his 
work on fossil Ammonites from the Jurassic and adjacent beds of 
Europe, of which but one complete collection is to be found in this 
country. 

Surely, with this unfamiliar material, an excuse may be offered in 
not attempting a popular presentation of propositions and laws, "some 
doctrinal and others theoretical, which must yet be looked upon as 
profound and permanent additions to the philosophy of evolution. A 
reference may be made to Prof. Cope's essays, entitled " Origin of 
Genera," "On the Method of Creation of Organic Types," "Con- 
sciousness in Evolution," " On the Theory of Evolution," and numer- 
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ous other memoirs from which may be gathered the author's views 
on the subject. The essays of Prof. Hyatt, " On the Parallelism be- 
tween the Different Stages of Life in the Individual and those in the 
Entire Group of the MoUuscan Order Tetrabrauchiata," " Reversions 
among Ammonites," " Evolution of the ArietidfiB," " Genetic Relations 
of the Angulatidae," " Abstract of a Memoir on the Biological Rela- 
tions of the Jurassic Ammonites," are altogether too technical to 
condense into an address of this nature. It need hardly be mentioned 
that in these memoirs invaluable contributions are made to the doc- 
trines of natural selection. And now we come to the most difficult 
part of our work : to compass within the limits of a few pages the mag- 
nificent discoveries of Leidy, Marsh, and Cope, in the rich fossiliferous 
beds of tlie West. The wonders are so unique and varied ; they have 
been poured upon us with such prodigality of material and illustra- 
tion, that one is baffled in an attempt to compass their characters, or 
to picture them as realities. When Darwin offered the imperfection 
of the geological record as possibly accounting for the absence of in- 
termediate forms which might have existed, he was at once met by a 
series of protests so strenuous, and at the same time so specious, that 
they had their full weight in staying the force of that prophetic chap- 
ter. Darwin, in this chapter, distinctly stated that not only were 
there forms which had never yet been seen, owing to the imperfection 
of the geological record, but that time might possibly bring them to 
light, and, when discovered, we should have revealed to us interme- 
diate characters which would connect widely-separated groups as 
they are recognized to-day. 

Behold the prophet I Animals have been discovered, not only 
showing the characters of two widely-separated groups, but in some 
cases of three groups as they now appear. How distinct the hoofed 
quadrupeds, the camivora, and the rodents, appear to-day I Yet here 
are discovered ancestors of these widely-separate groups, in which 
are contained in one individual the characters of all three 1 Of the 
ungulates with the perissodactyle foot, there have been discovered a 
large number of tapiroid forms allied to Paleotherium ; others which, 

^ike Anchitherium, wonderfully fill the gap between the horse tind 
forms lower down ; a large suite of rhinocerotic creatures of strange 
character and enormous size ; a great number of species of three- 

. toed horse, some no larger than foxes, and with these a perplexing 
maze of deer, antelopes, sheep, camels, hippopotami, and pig-like ani- 
mals, ruminant-like beasts, some of them not larger than an ordinary 
squirrel : a curious group, comprising a large number of species with 
characters intermediate between the pigs and ruminants. Prof. 
Flower, the great English osteologist, confesses that these forms 
completely break down the line of demarkation between them, and 
adds that ^'a gradual modification can be traced in the characters 
of the animals of this group, corresponding with their chronological 
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position, from the earlier more generalized to the latest comparatively 
specialized forms, thus affording one of the most complete pieces of 
evidence that are known in favor of a progressive alteration of form, 
not only of specific, but even of generic importance through advanc- 
ing ages." The probable home of the Camelidse has been revealed in 
the discovery of llama-like creatures, gigantic mammals, in some cases 
exceeding the elephant in size, but with a diversity of characters 
hitherto unseen either in recent or fossil forms, combining as they did 
the characters of perissodactyle and proboscidian. 

A numberless variety of Carnivora, many of them embracing the 
most generalized groups, have .been brought to light, such as creat- 
ures between the wolf and the opossum, generalized dogs, and sabre- 
toothed cats. . 

A great many species belonging to the Rodentia, Insectivora, and 
Chiroptera, have been identified ; still more wonderful is a group of 
creatures so unlike any beast heretofore known that Prof. Marsh has 
made a new order to include them under the name of TiUodontia. 
They combine the characters of several distinct groups, namely, the 
carnivores, ungulates, and rodents, and some of them in size equal- 
ing the tapir. Of great interest also is the discovery of fifteen new 
genera, belonging to low forms of primates. All of these creatures, 
embracing hundreds of species, are generalized in a high degree. 
New orders have been erected to embrace some of them. One has 
only to understand the specialization of modern animals to appreciate 
the generalized character of these early forms. 

Prof. Marsh has shown that all the ungulates in the Eocene and 
Miocene had upper and lower incisors ; and, again, that all the. Eocene 
and Miocene mammals, including the Carnivora, had two of the wrist- 
bones, the scaphoid and lunar, as distinct bones. 

The class of birds so long represented as a closed type can no 
longer occupy that isolated position. The proper interpretation of 
archaeopteryx has, in the discoveries of Marsh, new interest. He has 
discovered a number of species of birds, for which a new sub-class is 
made. This sub-class will embrace two sub-orders, one in which the 
cretitures had teeth contained in grooves in the jaws ; the other had* 
true teeth in the sockets. The first were swimming-birds of gigantic 
size, with rudimentary wings ; the second embraced small birds, with 
powerful wings and bi-concave vertebrae. 

Prof. Cope has also brought to light a remarkable gigantic bird 
from the Eocene of New Mexico ; its size indicates a species with feet 
twice as large as those of the ostrich. He shows it to be distinct from 
any of the genera of StruthionidcB or DionomithidoB. Besides all these 
wonders, a host of new forms of reptiles and fishes have been discov- 
ered by these indefatigable explorers — ^huge pterosauria discovered by 
Marsh with a spread of wing of twenty-four feet ; and of more special 
interest is the fact that no trace of teeth can be found in the jaws. 
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It is impossible for me to more than allude to these remarkable 
additions to our knowledge of these early forms, and until tbey have 
all been figured with natural outlines, and perplexing questions as to 
priority in discovery rectified, it will be difficrdt in some cases to ac- 
credit individual work. But in the light of these profound revela- 
tions, how blind seem the attempts to establish a classification on the 
forms heretofore familiar to us, and to rear these into circumscribed 
groups between which it was asserted no forms of intermediate kinds 
were to be expected 1 With the twenty-five or thirty species of fossil 
horses at our command, some with four toes, others with three, in 
various stages of reduction, it is interesting to bring back to mind 
the earnest Greoffroy St.-Hilaire painfully endeavoring to trace the 
genealogy of the horse, with a few widely-separated forms of extinct 
mammals as his only guide in the work. 

The special investigations of Marsh and Leidy reveal an almost 
unbroken line from our present horse with its simple toe, and two 
rudimentaiy metatarsals in the shape of the splint-bones, to a creature 
in which metatarsals support rudimentary toes, and still other forms 
in which these rudimentary toes are working-toes, and below that 
again another form in which a fourth toe is seen as a rudiment, till 
forms are reached in which all the toes rest on the ground. It is still 
more striking to study attentively those earlier generalized horses 
with four toes, and follow the successive reduction in the number of 
toes as the later formations are reached, till in the latest deposits and 
at present we have the modern specialized horse with but a single 
toe, the lost toes represented by two slender bones iidden beneath 
the flesh. And now comes crowning proof that our modern horse has 
been derived from some three-toed progenitor, for in certain instances 
horses have come into existence with splint-bones developed into sturdy 
bones sustaining at the extremities phalangeal bones, and outside ac- 
cessory hoofs 1 Such freaks of Nature demand an explanation. They 
receive a rational one through the theories of Darwin. Without the 
law of reversion, we are left in blind bewilderment. 

While all these facts in overwhelming array testify to the extreme 
mutability of forms, induced oftentimes by apparently the most triv- 
ial of causes, and set at rest the question as to the fixedness of spe- 
cies, they show at the same time the richness of that store from which 
by natural selection forms may be selected. 

Realizing the uniformity of Nature's laws, the human mind 
bravely asks, " Do these wonderful interpretations throw any light 
upon the origin of man ? " 

Rigidly adhering to the inductive method, science is prepared to 
show that man did not appear suddenly and free from those animal 
proclivities and passions which make him a sinful creature, but that 
he has risen from a lowly origin, and his passions and desires, but 
feebly repressed, may be as surely traced to ancestral traits, as the 
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aberrant muscles in his stmctnre may be recognized in some degraded 
progenitor. And in proof of this there is established a series of facts 
of precisely the same nature as is seen in those discoveries which link 
the horse in an almost unbroken line to earlier and more generalized 
animals. 

It is instructive to read the discussions in relation to man's posi- 
tion in Nature as represented by Agassiz, Morton, and others. 

The position that these eminent men were justified in taking 
shocked the Church, and received from her the same vigorous denun- 
ciations that Darwin was forced to bear at a later day. 

The systematist, in formulating the separate species and genera 
of the apes and monkeys, was early led to see that man also in vari- 
ous parts of the world presented differences quite as striking, and 
if it were assumed, as indeed it was, that the peculiarities among 
men were only varietal, then it could be claimed with equal empha- 
sis that the differences among apes were only varietal* Agassiz, in 
his keen grasp of things, readily saw this, and, since the races of men 
revealed differences just as specific in their characters as the animals 
immediately below them, he was forced to admit the plurality of ori- 
gin of the human race. He says : 

'^Unleds we recognize the differences among men, and we recognize the 
identity of these differences with the differences which exist among animals, we 
are not true to our subject, and, whatever be the origin of these differences, 
they are of some account ; and if it ever is proved that all men have a common 
origin, then it will be at the same time proved that all monkeys have a common 
origin, and it will J)y the same evidence be prpved that man and monkeys can- 
not have a different origin." 

He confesses that he " saw the time coming when the position of 
the origin of man would be mixed up with the question of the origin 
of animals, and a community of origin might be affirmed for them 
all." With these convictions it is not surprising that he should have 
been led to express the opinions regarding the diversity of the human 
race that we find recorded. 

Agassiz, in the meetings of the American Academy, repeatedly and 
in various ways illustrated the diversity of the human race. In one 
place he alludes to the difficulty in defining the species of man, and 
says the same difficulties occur in defining the species of anthropoid 
apes. We quote from the records : 

*' The languages of different races of men were neither more different nor more 
similar than the sounds characteristic of animals of the same genus; and their 
analogy can no more be fully accounted for on any hypothesis of transmliision 
or tradition than in the case of birds of the same genus uttering similar notes in 
Europe and America." — (" Proceedings of the American Academy," vol. iii., p. 6.) 

Again, in a later volume, he expresses a general disbelief in the 
supposed derivation of later languages from earlier ones. He re- 
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garded each language and each race as substantially primordial, and 
ascribed their resemblances to a similarity in the mental organization 
of the races. 

This extract Ulustrates the extremity to which one is logically 
driven if he accepts the hypothesis of special creation, and these 
words are quoted, not with the belief that at the present time they 
would have been uttered, but as illustrating the necessary admissions 
with the theory of plurality of origin. In precisely the same man- 
ner that Whitney, Muller, and other eminent philologists, have shown 
the outgrowth of present existing languages from primitive forms 
of language, so science is prepared to show the outgrowth of pres- 
ent men from primitive forms of animals. Agassiz was bitterly as- 
sailed by the Church for the bold attitude he assumed regarding the 
plurality of origin of the human race, though now that science will 
show that after all man has originated from a common centre, it seems* 
no better satisfied. The facts bearing on man's lowly origin have 
been fully contributed by American students, and, as all intelligent 
men understand the bearing of these facts on the question, it is only 
necessary to allude to them here. If man has really been derived 
from an ancestor in common with the ape, we must expect to show — 
1. That fh his earlier stages he recalls certain persistent characters 
in the apes ; 2, That the more ancient man will reveal more ape-like 
features than the present existing man ; and, 3. That certain character- 
istics pertaining to early men still persist in the inferior races of men. 

Pro£ Wyman * points out certain resemblances between the limbs 
of the human embryo and the permanent condition of the limbs of 
lower animals. In some human embryos about an inch in length he 
found that the great-toe was shorter than the others, and, instead of 
being parallel to them, projected at an angle from the side of the 
foot, thus corresponding with the permanent condition of this part 
in the Quadrumana. 

In some observations made on the skeleton of a Hottentot, Prof. 
Wyman* calls attention to the complete ossification of the nasal 
bones, no trace of a suture remaining. This was more noticeable as 
the individual was young, and the other bones were immature, and 
had an interest ^^ in connection with the fact that the nasal bones are 
co5ssified at an early period in the monkeys and before the completion 
of the first dentition in gorillas and chimpanzees." Careful measure- 
ments of the pelvis also revealed quadrumanous features, though " the 
resemblance is trifling in comparison with the differences." 

In a study of the crania, Wyman* found differences in the rela- 
tive position of the foramen magnum. In the North American In- 
dian this opening was farther back than in the negro, while some cra- 
nia from Kauai presented this opening still farther back than in the 

* " Proceedings of the Boston Society of Natural History," vol. x., p. 186. 

• Ibid., voL ix., p. 362. » Ibid., vol. xi., p. 44*7. 
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Indian ; and more than half the lot from Kauai had the peculiarity in 
the nostrils first pointed out in the negro by Dr. John Neil, of Phila- 
delphia, namely, the deficiency of the sharp ridge which forms the 
lower border of the opening. In its place is a rounded border, or an 
inclined plane. 

This feature occurs very frequently in difierent races, but more 
rarely in Europeans. It is, however, never absent in the apes. Pro£ 
Wyman, in studying the characters of certain ancient crania from a 
burial-place near Shell Mound, Florida, observed the foramen mag- 
num quite far back, and remarks on the massive character of the bones 
composing the skull, the parietal being nearly twice the thickness of 
ordinary parietals, while the general roughness of the surfaces for 
muscular attachments on the hinder part of the head is very strik- 
ing,* 

In certain measurements of synostotic crania. Prof, Wyman 
found that the length of the parietals was twenty-four millimetres 
above the average, the parietals being lengthened from before back- 
ward, the frontal and occipital being but slightly augmented. Now, 
in the much-discussed Neanderthal skull, wherein it is urged by Dr. 
Davis that it is a synostotic skull, though denied by Huxley, Wyman 
shows that the parietals measure nine millimetres heloio theiaverage, 
which is certainly against the view that the Neanderthal skull is 
synostotic." 

In an- essay entitled " Observations on Crania and Other Parts of, 
the Skeleton," Prof. Wyman shows that the relative capacity of the 
skull 'Ms to be considered merely as an anatomical and not as a 
physiological characteristic," * a most important distinction certainly 
in considering the large capacity of certain ancient skulls, since we 
must know the quality as well as the quantity in order to assume the 
intellectual position of the races. In this essay are also quoted the 
results of a large series of measurements made by Dr. B. A. Gould, 
in which it is shown that the arms of the blacks are relatively longer 
as compared with the whites, in this respect approaching the higher 
animals, a confirmation- of the observations made by Broca, Pruner 
Bey, Lawrence, and others. 

The perforation of the humerus, which occurs in the apes quite 
generally, was found to occur rarely in the white race. Of fifty 
humeri, Wyman found but two perforated, T^hile of Indian humeri 
he found thirty-one per cent, perforated. In some of the- remains of 
ancient men there has been found a remarkable lateral flattening of 
the tibia, unlike anything found at present, but al^^ays characteris- 
tic of the earliest races. These tibiae have received the name of 
platycnemic tibiae. 



* "Fourth Annual Report of the Peabody ArchaBological Museum. Cambridge." 
« " Proceedings of the Boston Society of Natural History," vol. xi., p. 455. 
» " Fourth Annual Report of the Peabody Archaaological Museum." 
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Wyman * quotes Broca as saying that the measurements of these 
tibiae resemble the ape, and, what is more striking, in a small number 
of instances " the bone is bent and is strongly convex forward, and 
its angles so rounded as to present the nearly oval section seen in the 
apes.'* The occurrence of these platycnemic tibiae has been noticed 
by several investigators. They have been obtained from the mounds 
of Kentucky by Mr. Carr, Mr. Lyon, and Prof. Putnam. Prof. Wyman 
found them in Florida mounds. To Mr. Henry Gillman, of Detroit, 
science is indebted for the discovery of the flattest tibiae ever recorded, 
exceeding even those discovered in Europe. Mr. Gillman has opened 
a number of mounds along the Detroit and Rouge Rivers in Michigan, 
and assiduously studied the characters of these remains, which indi- 
cate a. very ancient race of men. Many of these tibiae he has sent 
to the Peabody Archaeological Museum at Cambridge. Associated 
with these remarkable tibiae he found large munbers of perforated 
humeri. 

At the Detroit meeting of the Association, Prof. W. S. Barnard 
showed that the niuscles which move the fingers and toes have been 
develbped from one common muscle, and, in studying the various de- 
grees of specialization of the muscles which move the hand and foot 
in the go/illa and lower apes, he finds that in the foot " man remains 
a creature of the past not modified by that which makes him a man, 
the brain. The hand has been modified and perfected by its services 
to the brain." Prof. Barnard also contributed another essay, entitled 
" Comparative Myology of Man and the Apes." From very careful 
studies he is led to believe that the relative position of the origin of the 
muscles is more constant than that of their insertions. In this ex- 
amination he brings to light a muscle which Traill dissected in the 
higher apes, and which he called the scansorius^ and this was sup- 
posed to have no representative in man. 

Traill was followed by Wyman, Owen, Wilder, and Bischoff, who, 
in a controversy with Huxley, argued from this muscle against the 
simian origin of man. Mr. Barnard .now shows that Traill was mis- 
taken, and that other naturalists were misled by the weight of his 
authority. What Traill interpreted as the gluteus minimus is the 
pyriformiSy and what he figured as a new muscle separating the apes 
from man, the scansorius^ is the homologue of our gluteus minimum. 

From gradually accumulating data, in regard to microcephalic 
skulls, it would seem as if Carl Vogt were right in judging them to be 
cases of reversion. Prof. Wyman . says, in regard to a microcephalic 
skull from Mauritius, that, " taking together the high temporal ridges, 
the union of the temporals with the frontals, the projection of the 
jaws, the narrow and retreating forehead, the small capacity, and the 
form and proportions of the nasal openings, the general resemblance 
to that of an ape is most striking, and seems to justify Vogt's expres- 
1 " Fourth Annual Report of the Peabody Archaeolo^cal Museum." 
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sion of a man-ape, it being understood that the skull we are describing 
is not a natural, but an anomalous formation." ^ 

It would be difficult to imagine, indeed, that mere reduction in 
the size of the brain, through arrest of development, should produce 
a series of characters so closely resembling the apes as is found to be 
the case in so many widely-separated examples. Thus, in the Mau- 
ritius microcephalic skull the capacity is only twenty-five cubic inches. 
The jaws are extremely prognathous, the zygomatic arches stand out 
wide and free, and the temporal ridges approach within one and a 
quarter inch. If such examples should prove to be veritable cases 
of reversion, then we have a parallel in the startling appearance of 
the long-lost rudimentary toes of the horse, traces of which are only 
seen in the hidden splint-bones. In the " Seventh Annual Report of 
the Archaeological Museum," Prof. Wyman describes a microcephalic 
skull from the ancient huacaU of Peru. Its capacity is only thirty- 
three cubic inches ; " the frontal bone is much slanted backward, has 
a decided ridge corresponding to the frontal suture, and is slightly 
concave on each side of it." 

Wyman states that the bones of the head are well formed, though, 
fVom the diniinutive size of the brain, idiocy must have existed. 

Associated with the remarkable collection of platycnemic tibia) 
and perforated humeri discovered by Mr. Henry Gillman, we should 
have expected some anomalous forms of crania, and in this expecta* 
tion we are not disappointed. 

In company with two skulls which appear to be normal, Mr. Gill- 
man discovered one of most remarkable proportions. Wyman con- 
siders it a case of extreme individual variation, and not the result of 
artificial deformity. The skull in question has only a capacity of 
fifty-six cubic inches. The average capacity of Indian crania, accord- 
ing to Morton's measurements, being eighty-four cubic inches, and 
the minimum capacity being sixty-nine cubic inches, the skull of Gill- 
man is therefore thirteen cubic inches less than the smallest Indian 
skull heretofore described. But more extraordinary still is the ap- 
proximation of the teAporal ridges. While in ordinary crania the 
separation of these ridges is usually from three to four inches, and 
never less than two inches, in this unique skull from the Detroit River 
mound the ridges in question approach within three-quarters of an 
inch, in this respect, as Wyman says, presenting the same condition 
as that of the chimpanzee. A rounded median crest can be distinctly 
seen and felt between these ridges, and the skull is markedly depressed 
on each side for the passage of the powerful mastoid muscles. 

Is this, too, a case of partial reversion ? Such extraordinary forms 

as the Neanderthal and Engis skulls, and the one above cited, with 

the La Naulette and other lower jaws, could not have been un- 

conunon in those early days, since the chances against finding them 

1 « Seventh Annual Report of the Peabody Archaeological Museum." 
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would be simply enormous, unless, indeed, they were of common oc- 
currence. Looking at these remains as at the remains of other mam- 
mals, we must admit either that these low characters represent reten- 
tion of ancestral peculiarities, or that they are cases of reversion. 
In considering the Neanderthal skull, with its retreating frontal, 
its enormous frontal crest, and other anthropoid characters, Huxley 
is led to say that at most there is " demonstrated the existence of a 
man whose skull may be said to revert somewhat toward the pithe- 
coid type." 

To a mind unbiased by preconceived opinions, and frankly will- 
ing to interpret the facts as they stand revealed by the study of these 
ancient remains the world over, the evidence of man's lowly origin 
seems, indeed, overwhelming. 

Looking at the whole question impartially, we find that among 
recent men there are high types as well as low types, with a variation 
BO great as to have induced Agassiz, Morton, and others, to consider 
them specific. And while, as Wyman asserts, no one race possesses 
all the low characters, yet with the relatively long arms, the tendency 
of the pelvis to depart from the normal proportion, and numerous 
other facts of like significance, there are yet retained among some of 
them more resemblances to the higher apes than can be found among 
others. 

Prof. Cope, not content with tracing man back to some ape-like 
progenitor, has, in a suggestive way, considered man's relations to 
the Tertiary mammalia. In a communication to the Association at 
Detroit, on this subject, he prefaced his paper by saying that in the 
doctrine of evolution two propositions must be established : 1. That 
a relation of orderly succession of structure ef ists, which corresponds 
with a succession in time ; 2. That the terms (species, genera, etc.) 
of this succession actually display transitions or connections by in- 
termediate forms, whether observed to arise in descent, or to be of 
such varietal character as to admit of no other explanation of their 
origin," He shows that the primary forms of mammalia are strongly 
indicated in the structure of the feet, and also in the character of the 
teeth. In recent land-mammals there are several types of foot to be 
recognized, the many-toed plantigrade, the carnivorous, the ox, and 
the horse types. Among the earlier types of the Eocene, he finds the 
most generalized type in the Coryphodon of Owen (Bathmodon of 
Cope). This Aeature was plantigrade, with a short calcaneum, and 
an imperfect hinge for the foot. From this generalized form he traces 
a line of succession of intermediate forms to the horse on the one . 
hand, and the ox on the other. 

The Coryphodon was one of the earliest known mammals, while 
the horse and the ox preceded man by a single geological period. 
Without entering into a technical description of the successive forms 
presented by Prof. Cope, we may quote his words wherein he shows 

VOL. X.— 18 
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that ^^ the mammals of the Lower Eocene exhibit a greater percentage 
of types that walk on the soles of their feet, while the successiye pe- 
riods exhibit an increasing number of those that walk on the toes; 
while the hoofed animals and Carnivora of recent times nearly all 
have the heel high in the air, the principal exceptions being the ele- 
phant and bear families." After presenting the gradual osteological 
changes of the foot, from the earlier types to the later ones, through 
several lines of descent, considering also the teeth as well, he says: 
" The relation of man to this history is highly interesting. Thus, in 
all generalized points, his limbs are those of the primitive type, so 
common in the Eocene. He is plantigrade, has five toes, separated 
tarsals and carpals, short heel, rather flat astragalus, and neither hoofs 
nor claws, but something between the two ; the bones of the forearm 
and leg are not so unequal as in the higher types, and remain entirely 
distinct from each other, and the ankle-joint is not so perfect as in 
many of them. In his teeth his character is thoroughly primitive. . . . 

" His structural superiority consists solely in the complexity and 
size of his brain. A very important lesson is derived from these and 
kindred facts. The monkeys were anticipated in the greater fields of 
the world's activity by more powerful rivals. The ancestors of the 
ungulates held the fields and the swamps, and the Carnivora, driven 
by hunger, learned the arts and cruelties of the chase. The weaker 
ancestors of the Quadrumana possessed neither speed nor weapons of 
offense and defense, and nothing but an arboreal life was left them, 
where they developed the prehensile powers of the feet. Their di- 
gestive system unspecialized, their food various, their life the price of 
ceaseless vigilance, no wonder that their inquisitiveness and wakeful- 
ness were stimulated ahd developed, which is the condition of progres- 
sive intelligence " — adding that " the race has not been to the swift, 
nor the battle to the strong." Prof. Cope shows in this case that 
" the survival of the fittest has been the survival of the most intelli- 
gent, and natural selection proves to be, in its highest animal phase, 
intelligent selection." 

Prof. Fiske has in a clearer way shown that when variations in 
intelligence became more important than variations in physical 
structure, then they were seized upon, to the relative exclusion of the 
latter. 

It is intelligent strength, other things being equal, that conquers 
the savage, and the gradual selection of the best anfl biggest brains 
is not seen alone in man. 

In one of the most significant discoveries of Prof. Marsh, the mam- 
malia are found to show an increase in the size of the brain coincident 
with their succession in the rocks. 

One of the most extraordinary mammals from the Tertiary beds 
of the West is the Dinoceras, with its rhinoceros and elephant char- 
acters, its skull ornamented with prominent tubercles, its unique den- 
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tition, embracing large cutting tusks, and altogether forming a beast 
like the fabled monsters of old. 

A study of its cranial cavity, made by Prof. Marsh, shows that its 
.brain was proportionally smaller than that of any known mammal. 
Indeed, it was almost reptilian, and of such diminutive size that it 
could have been drawn through the neural canal of all the presacral 
vertebrae. Prof. Marsh has followed up this discovery with the most 
important results, and is now prepared to state the following con- 
clusions : 

1. That all the Tertiary mammals had small brains. 

2. There is an increase in the size of the brain during this period. 

3. This increase was mainly confined to the cerebral hemispheres 
or higher portion of the brain. 

4. In some groups the convolutions of the brain have gradually 
become more complicated. 

6. In some the cerebellum and olfactory lobes have even dimin- 
ished in size. 

He also finds some evidence that the same general law holds good 
for birds and reptiles from the Cretaceous to the present time.* 

Thus we have in other groups as well as man convincing proof 
that, with successive survival of forms, there is a corresponding sur- 
vival of larger brains. 

Prof. Shaler* has offered some suggestive thoughts in showing 
the intense selective action which must have taken place in the shape 
and character of the pelvis in man, on his assumption of the erect 
position — ^the caudal vertebrae turning inward ; the lower portion of 
the pelvis drawing together to hold the viscera, which had before 
rested on the elastic abdominal walls; the attending difficulties of 
parturition, and other troubles in those parts — all pointing to the 
change which has taken place. 

In this connection Prof. Shaler remarks that the question of labor 
in woman must not be overlooked from this standpoint. 

In a memoir on the shell-heaps of Florida, by Pro£ Wyman,^ 
wherein he describes a number of low characters in man already 
alluded to, he gives the following conclusions : " The steady progress 
of discovery justifies the inference that man in the earlier periods of 
his existence, of which we have any knowledge, was at most a savage, 
enjoying the advantage of a few rude inventions. According to the 
theory of evolution, which has the merit of being based upon, and not 
inconsistent with, the observed analogies and processes of Nature, he 
must have gone through a period, when he was passing out of the 
animal into the human state, when he was not yet provided with 
tools of any sort, and when he lived the life of a brute." • 

' American Journal of Science, vol.-xii., July, 1876. 

• " Proceedings of the Boston Society of Natural History," voL xv., p. 188. 

• "Memoirs of the Peabody Academy of Sciences,'* vol. i., part iv. 
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These words have no obscure significance, and when we regard 
the character of the one who wrote them, his cautious methods of 
research, and the long deliberation he was wont to give to all such 
questions, then they become doubly important. 

Recognizing clearly the existence of these lower and earlier stages 
in man, it has been one of the most difficult problems to solve the 
first steps toward his society and family relations. Prof. John Fiske, 
in his " Outlines of Cosmic JPhilosophy," has given for the first time a 
rational explanation of the origin and persistence of family relations, 
and thence communal relations, and, finally, society. 

Never before has there been presented so clear an idea of man's 
physical changes, and the effects of natural selection in seizing upon 
attendant or correlated nervous changes, as in the work of this 
author. 

Prof. Fiske says: "Civilization originated when in the highest 
mammals variations in intelligence became so much more important 
than variations in physical structure that they began to be seized 
upon by natural selection, to the relative exclusion of the latter." * 

Starting from the researches of Sir Henry Maine, Lubbock, and 
others, he finds social evolution must have originated after families 
temporarily organized among the higher mammals had become per- 
manently organized. But how this step was effected has been an 
insoluble problem. Bagehot, in his remarkable work on " Physics and 
Politics," says : " It is almost beyond imagination how man, as we 
know man, could by any sort of process have gained this step in 
civilization." Darwin supposes that men were originally weak and 
inoffensive creatures, like the chimpanzee, and were compelled to band 
together to make up in combined strength what they lacked as in- 
dividuals. 

That man, for his age, is a weak animal physically, there can be 
no doubt. Fiske shows that " increase of intelligence iu complexity 
and specialty involves a lengthening of the period during which the 
nervous connections involved in ordinary adjustments are becoming or- 
ganized." From these conditions arose the phenomena of infancy, and 
he shows that with increase of intelligence infancy becomes longer. 
In the human race it is longer than in any other mammal, and much 
longer in civilized man than in the savage. 

In the orang-outang the infant does not begin to walk till it is a 
month old, and in performing this act it holds to various objects for 
support, as in the human infant. Previous to that time it reposes 
on its back, and becomes absorbed in gazing at its hands and feet. 
Now, still lower down among the monkeys, at the age of one month 
the young are fully matured so far as walking and prehension 
are concerned. It is shown, furthermore, that where infancy is very 
short, parental feeling may be intense for a while, but soon dies out, 
* " Cosmic Philosophy," vol. il, p. 840. 
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and the offspring of one becomes of no greater interest than those 
of a' stranger, " and in general the duration of the feelings which in- 
sure the- protection of the offspring is determined by the duration of 
the. infancy. . . . 

** Hence if long infancies could haye suddenly come into existence 
among a primitive race of ape-like men, the race would have quickly 
perished from inadequate persistence of parental affection." Prof. 
Fiske, in a most reasonable way, shows that " the prolonged helpless- 
ness of the offspring must keep the parents together for lojiger and 
longer periods in successive epochs ; and when at last the association 
is so long kept up that the older children are growing mature while 
the younger ones still need protection, the family relations begin to 
become permanent. The parents have lived so long in company that 
to seek new companionships involves some disturbance of ingrained 
habits, and meanwhile the older sons are more likely to continue their 
original association with each other than to establish associations 
with strangers, since they have common objects to acnieve, and com- 
mon enmities bequeathed, inherited or acquired with neighboring 
families." 

In his chapter on the moral genesis of man Fiske maintains that 
*' the prolongation of human infancy accompanying the development 
of intelligence, and the correlative extension of parental feeling, are 
facts established by observation wherever observation is possible ; 
and to maintain that the correlation of these phenomena was kept up 
during an epoch which is hidden from observation, and can only be 
known by inference, is to make a genuine induction, involving no 
other assumption than that the operations of Nature are uniform. To 
him who is still capable of believing that the human race was created 
by miracle in a single day, with all its attributes, physical and psy- 
chical, compounded and proportioned, just as they now are, the pres- 
ent inquiry is of course devoid of significance. But for the evolu- 
tionist there would seem to be no alternative but to accept, when 
once propounded, the present series of inferences." 

Recalling now the various evidences educed by Wyman, Giman, 
and others, regarding the anomalous characters of the remains of 
primitive man, it seems impossible that a mind unbiased by precon- 
ceived opinion should be able to resist the conviction as to man's 
lowly origin. 

If we take into account the rapidly-accumulating data of European 
naturalists concerning primitive man, with the mass of evidence re- 
ceived in these notes, we find an array of facts which irresistibly 
point to a common origin with animals directly below us, and these 
evidences are found in the massive skulls with coarse ridges for mus- 
cular attachments, the rounding of the base of the nostrils, the early 
ossification of the nasal bones, the small cranial capacity in certain 
forms, the prominence of the frontal crest, the posterior position of 



Digitized by 



Google 



198 THE POPULAR SCIENCE MONTHLY. 

the foramen magnum^ the approximation of the temporal ridges, the 
lateral flattening of the tibia, the perforation of the humerus, theHeo- 
dency of the pelvis to depart from its usual proportions, and, associ- 
ated with all tliese, a rudeness of culture and the evidence of the 
manifestation of the coarsest instincts. He must be blind indeed 
who cannot recognize the bearing of such grave and suggestive modi- 
fications. But what application are we to make of such revelations 
if we vividly receive them as such ? We are no longer to rest with 
the blind, fatalism of the Turks, or listless resignation of the masses, 
but are to make a living use of them. We are to trace evil and cor- 
rupt passions to their source. The dreadful outrages which shock 
us from time to time in the public prints are not instigated by an 
evil spirit, but are outbursts of the same savage nature which found 
more frequent expression years ago, and which are still present with 
the lower races of to-day. When the study of heredity reveals the 
fact that even the nature of vagabondage is perpetuated ; when the 
surprising revelations of Margaret, mother of criminals, from whose 
loins nearly a thousand criminals have thus far been traced, are con- 
sidered, common-sense will ultimately recognize that the imprison- 
ment of a criminal for ten or twenty years is not simply to punish 
him or relieve the public of his lawless acts, but to restrain him from 
perpetuating his kind. No sudden revulsion of feelings and amended 
ways is to purify the criminal taint, but he is to be quarantined in 
just the same way that a case of the plague might be, that his kind 
may not increase. With these plain facts thoroughly understood, 
men high in authority must find some other excuse for the exercise 
of their pardoning power, and other reasons be given for allowing so 
large a proportion of criminals to go free. With the monstrous blot 
of Mormonism and free-love in our country, the statute-books are 
to be again revised &om the standpoint of science, with its rigid moral 
and physical laws, and not from the basis of established usage or 
long-continued recognition. 



THE LAWS OF HEALTH. 

Bt THOMAS BOND, F. R. C. S. 

ON" an average, one-half of the number of out-patients treated by a 
hospital-surgeon suffer from diseases due primarily to a want of 
knowledge of the laws of health and cleanliness. 1. The ignorance of 
hygienic laws, which affects so disastrously the health of the rich as 
well as the poor, exists chiefly in regard to dress, ablution, and venti- 
lation. This statement may, at first, appear startling, but an enu- 
meration of the diseases that can be constantly traced to the above 
causes will show upon how sound a basis the statement rests. The 
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following are examples: Varicose ulcers from dress; skin-diseases 
from want of cleanliness ; chest-diseases and fevers . from defective 
ventilation. The vast number of ulcerated legs treated in the out- 
patient department of hospitals, in workhouse infirmaries, and in 
private practice, arise from varicose veins. Now, a varicose ulcer is 
caused by a distended condition of the veins of the leg, which" have 
to sustain the pressure of the blood caused by gravitation. In vari- 
cose Teins, the valves which help to support the column of blood are 
to a great extent destroyed, through the veins having been distended 
by mechanical obstruction to the free return of the blood from the 
extremities, thereby distending the lower veins and separating the 
edges of the valves. Thus, the weight of an uninterrupted column 
has to be borne by the veins. This, of course, causes further disten- 
tion, giving rise to congestion of the capillaries of the skin, and caus- 
ing swelling, eczema, and ultimately ulceration. This is the varicose 
ulcer so common in the laboring-classes. It is always difficult to heal, 
and often impossible, except by prolonged rest in bed. Hence it is 
the dread of the surgeon, and the cause of misery to thousands. Vari- 
cose ulcers are seldom admitted into general hospitals, so that hun- 
dreds of poor families are driven to the workhouse, and such cases form 
a majority in the workhouse infirmary. The mo*t frequent and fla- 
grant cause of obstruction is the ordinary elastic garter. Children 
should never wear them at all, as the stockings can be perfectly well 
kept up by attachment of elastic, straps to the waistband. If garters 
are worn, it is important to know how to apply them with the least 
risk of harm ; at the bend of the kpee the superficial veins of the leg 
unite, and go deeply into the under part of the thigh beneath the 
ham-string tendons. Thus a ligature below the knee obstructs all 
the superficial veins, but if the constriction is above, the ham-string 
tendons keep the pressure off the veins which return the blood from 
the legs ; unfortunately, most people, in ignorance of the above facts, 
apply the garter below the knee. Again, in nine out of ten laboring- 
men, we find a piece of cord or a buckled strap tightly applied below 
the knee, for what reason I could never learn. Elastic bands are the 
most injurious. They follow the movements of the muscles, and never 
relax their pressure on the veins. Non-elastic bands during muscular 
exertion become considerably relaxed at intervals, and allow a freer 
circulation of the blood. 

2. The habit of tight lacing again predisposes to varicose veins, 
in consequence of the abdominal viscera being pushed downward into 
the pelvis, causing undue pressure on the veins of the lower extremi- 
ties when they enter the pelvis. Physicians also have reported nu- 
merous cases of heart and lung disease caused by this pernicious habit. 

3. The use of dress is often misunderstood. Most persons evidently 
study and practise it with regard to appearance, or only to keep out 
wet and cold. The hygienic use of clothes, however, is not so much 
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to keep cold out as to keep beat in. The mistake is often made, of 
taking great care to put on extra wraps and coats when preparing for 
out-door exercise. This is not at all necessary in robust persons. 
Sufficient heat to prevent all risk of chill is generated in the body by 
exercise. Tbe care should be taken to retain sufficient clothing after 
exercise, and when at rest, to prevent the heat passing out of the body. 
Indeed, persons very often catch chills from throwing off extra cloth- 
ing after exercise, or from sitting about in garments, the material of 
which is not adapted to prevent the radiation of heat from the body. 
Linen and cotton under-clothing, when moistened by perspiration, parts 
with heat very rapidly, whereas flannel and silk, being non-conductors, 
prevent the rapid loss of heat. 

4. The most recent offense against the laws of health is the habit, 
of wearing false hair. The perspiration of the scalp is prevented, by 
the thick covering, from evaporating, thereby causing a sodden and 
weakened condition of the skin, which predisposes to baldness and 
other diseases of the scalp. Again, it produces headache and confu- 
sion of the intellectual faculties. We all know what a relief it is, dur- 
ing hard mental work, simply to riEtise one's hair by running the fin- 
gers through it. I should think literary ladies either do not wear false 
hair, or take it off when at work. 

6. Ablution is another subject of paramount importance to health. 
Mr. Urquhart, the introducer of the Turkish bath into this country, is 
one of the benefactors of the age, and it is to be hoped some day there 
will be a bath in every town and village in England. Doctors are 
very much to be blamed for allowing themselves to be prejudiced 
against it. The usual opinion given by medical men to their patients 
is, that it is debilitating, and only to be borne by the robust. The 
reverse is really the case : it is stimulating and strengthening, it is a 
preventive as well as curative in disease. The effect of the Turkish 
bath on the skin is to cause an active condition of its functions of 
elimination, by removing the hardened epithelial scales, by removing 
the fat from the pores, and by causing the sweat-glands to maintain 
the activity of their functions, giving a general stimulus to the vital 
power of the skin. Again, it keeps the body in a state of perfect 
cleanliness, which is so essential to robust health ; but these are not 
its only virtues — ^it promotes purity of mind and morals. The man 
who is accustomed to be physically clean shrinks instinctively from 
all contact with uncleanliness. 

6. There are, however, certain precautions to be observed in the 
use of the baths. Persons who are apoplectic, or suffering from fatty 
degeneration of heart, should not venture to disturb the circulation by 
the excitement of baths. The first effect of Turkish baths is to stimu- 
late the circulation, the second to cause active congestion of the skin, 
the third to produce profuse perspiration, the fourth to keep down 
the temperature of the body by rapid evaporation. On leaving the 
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Turkish bath the body should be douched with cold water ; the cap- 
illaries are thus emptied of their blood by contraction, but immedi- 
ately after the stimulation causes them to resume a state of activity, 
and produces vigorous circulation through the skin. 

^. In taking a cold bath in the morning the same conditions should 
be present. The surface of the body should be warm and moist ; 
therefore, the bath should be taken immediately on rising from the 
bed, and before the surface of the body has had time to cool or the 
capillaries to contract. The shock of the cold water should cause 
them suddenly to contract ; then quick reaction will take place in the 
same way as after a Turkish bath. Unless this reaction occurs after 
the bath, there is great danger of getting a chill ; at any rate, the fall 
benefit of the bath is not obtained. Persons with weak circulation, 
who cannot take an ordinary morning bath, often derive great benefit 
from the Turkish bath. It opens the pores and improves the circu- 
lation of the skin, so that the shock of cold water can afterward be 
borne. The same persons can generally bear a cold bath if they get 
for a few minutes into a warm bath first, and then immediately plunge 
into cold water. By these means an active reaction is brought about. 
Warm baths should, in my opinion, never be taken on rising except 
under the above conditions, but warm baths at night are often desir- 
able. They should be taken just before going to bed, when they have 
the efiect of relaxing the muscular system and of promoting sleep by 
soothing the activity of the brain by the withdrawal of blood from it. 
I do not think warm baths at night are weakening, as the depression 
of vital energy which may occur is recovered during sleep. In river 
and sea bathing, persons should be careful not to remain in the water 
too long, nor should they exert themselves sufficiently to cause ex- 
haustion, as the power of reaction is much impaired thereby ; neither 
should persons get into cold water when cooling. The old-fashioned 
idea that persons should wait to cool before plunging into the water 
is a fallacy. There is no tlanger in plunging into the coldest water in a 
state of profuse perspiration, if the heart and arteries are in a healthy 
state. Of course, it would be unwise to do so immediately after a full 
meal, as the action of the heart might be impeded by the distended 
stomach. 

8. Many persons complain of always getting up tired in the morn- 
ing. This is very often due to defective ventilation of the bedroom, 
or from using an undue amount of bedclothes and bedding. Feather 
beds are too soft and yielding, and partially envelop the sleeper, thus 
producing profuse perspirations. The habit of lying too much under 
blankets is also very pernicious, by reason of the carbonic acid ex- 
haled by the sleeper being respired. Again, it is a common error to 
suppose that, by simply opening a window a little at the top, a room 
can be ventilated. People forget that for proper ventilation there 
must be an inlet and outlet for the air. In bedrooms there is often 
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neither, and if there is a fireplace it is generally closed up. Again, 
it is a mistake to suppose that foul air goes to the top of a room. 
. Certainly the heated air goes to the top, but the chief impurity, the 
carbonic acid, falls to the bottom. There is nothing so efficacious in 
removing the lower strata of air as the ordinary open fireplace, es- 
pecially if there is a fire burning. The usual defect in ventilation is 
the want of a proper inlet for the air. If the window be open, the cold 
air, being heavier, pours down into the room, causing draughts ; if the 
door be open or ajar, the same thing occurs. The perfection of ventila- 
tion may be obtained in any room with a fireplace by simply providing 
proper inlets for the air, and nothing answers so well for the purpose as 
the upright tubes invented by Mr. Tobin. By this means the heavier 
external atmosphere ascends vertically through the tubes like the jet of a 
fountain, displacing the warmer and lighter atmosphere of the room, 
which finds its exit up the chimney* The tubes should communicate 
with the outer air on a level with the floor, and should be carried ver- 
tically upward in the room for about four or five feet. A constant 
supply of fresh air is thus insured without the slightest liability to 
draught, as the current goes directly upward until it strikes the 
ceiling. It is then diffused downward, mixed with the heated air of 
the ceiling. The same principle can be carried out in any room with 
a sash-window, by cutting out two or three holes an inch wide and 
three inches long in the wood- work of the upper sash where it joins 
the lower one. The columns of air ascend directly upward, just inside 
the window, and mix with the heated air in the upper part of the 
room. If this system were universally carried out, we should hear 
less of rheumatism and chills caught by sitting in draughts. 

9. Persons should cultivate the faculty of detecting sewer-gas in 
houses. Typhoid fever is often caused by the escape of this gas into 
the house through defect of the traps and drains. However bad the 
drains may be outside of the house, there is little to fear, provided the 
gas can escape externally. The following two very simple precau- 
tions would naturally diminish the cases of typhoid fever : First, every 
main drain should have a ventilating-pipe carried from it, directly 
outside of the house, to the top of the highest chimney ; secondly, the 
soil-pipe inside the house should be carried up through the roof, and 
be open at the top. — English Mechanic. 



CANINE SAGACITY. 

A CORRESPONDENT hands us the following anecdotes illustra- 
tive of the remarkable reasoning powers of dogs : 
The first case is one which occurred at a fashionable watering-place 
oil the east coast of Ireland, some twenty years ago, and exhibits the 
remarkable sagacity displayed by a dog in carrying out the dictates 
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of the animal passion for revenge. The jetty which stretched along 
the small harbor was at that time used as a promenade by the ilite 
among the sojourners on the coast, where, after the heat of the long 
summer days, they regaled themselves with the fresh evening breezes 
wafted in from the sea. Among the frequenters of this fashionable 
resort was a gentleman of some position, who was the owner of a fine 
Newfoundland dog, which inherited the time-honored possessions of 
that noble breed — very great power and facility in swimming ; and, 
at the period of the evening when the jetty was most crowded with 
promenaders, his master delighted to put this animal through a series 
of aquatic performances for the entertainment of the assembled spec- 
tators. Amusement being at a premium on the coast, these nightly 
performances grew into something like an " institution," and the brave 
" Captain " — ^for such was his name — speedily became a universal fa- 
vorite on the jetty. It happened, however, that among the new ar- 
rivals on the coast there came a certain major in her majesty's army, 
accompanied by two bull-dogs of unusual size and strength, and of 
great value ; but, value in a bull-dog being inversely proportionate to 
its beauty, the appearance of the major and his dogs excited no very 
enthusiastic pleasure among the aesthetic strollers on the jetty. On 
the first night on which the major presented himself, nothing unusual 
occurred ; and Captain dived and swam as before. But on the second 
evening the brave old favorite was walking quietly behind his master 
down the jetty, when, as they were passing by the major and his dogs, 
one of these ugly brutes flew at Captain, and caught him by the neck 
in such a way as to render his great size utterly useless for his de- 
fense. A violent struggle ensued, but the bull-dog came off the victor, 
for he stuck to his foe like a leech, and could only be forced to release 
his hold by the insertion of a bar of iron between his teeth. The in- 
dignation of the by-standers against the major was, of course, very 
great ; and its fervor was not a little increased when they saw the 
poor Captain wending his way homeward, bleeding,, and bearing all 
the marks of defeat. * Some two or three evenings after this occur- 
rence, when Captain again made his appearance on the jetty, he looked 
quite crestfallen, bore his tail between his legs, and stuck closely to 
the heels of his master. That evening passed away quietly, and the 
next, and the next, and so on for about a week — Captain still bearing 
the aspect of mourning. But one evening about eight or ten days 
after the above encounter, as the major was marching in his usual 
pompous manner along the jetty, accompanied by his dogs, something 
attracted his attention in the water, and, walking to the very edge of 
the jetty, he stood for a moment looking down into the sea. Scarcely 
had the two bull-dogs taken up their stand beside their master when 
Captain, seizing the opportunity for which he had so long looked, 
rushed at his former conqueror, and, catching him by the back of the 
neck, jumped off the jetty, with his foe in his mouth, down some twen- 
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ty feet or more into the sea. Once in the water, the power of his 
enemy was crippled, while Captain was altogether in his own element ; 
and, easily overcoming all efforts at resistance, he succeeded in reso- 
lutely keeping the bull-dog's head under water. The excitement on 
the shore was, of course, intense. The major shouted, and called out : 
" My -dog I my beautiful dog 1 Will no one save him ? " But no 
one seemed at all inclined to interfere, or to risk his life for the ugly 
dog. At length the major called out : " Fll give fifty pounds to any 
one who will save my dog ; " and soon afterward a boat which lay at 
some little distance pulled up to the rescue. Even then, however, it 
was only by striking Captain on the head with the oars that he could 
be forced to release his victim, which was taken into the boat quite 
senseless from exhaustion and suffocation, and was with difficulty 
brought to itself again. Captain, on the other hand, swam in tri- 
umph to the shore, amid the plaudits of the spectators, who shared, in 
sympathy at least, his well-earned honors of revenge. 

More remarkable than the sagacity in carrying out the desire for 
revenge, displayed by the Newfoundland dog in the above cj«e, is 
that which the following narrative illustrates : A gentleman of wealth 
and position in London had, some years ago, a country-house and farm 
about sixty miles from the metropolis. At this country residence he 
kept a number of dogs, and among them a very large mastiff and a 
Scotch terrier ; and, at the close of one of his summer residences in 
the country, he resolved to bring this terrier with him to London for 
the winter season. There being no railway to that particular part of 
the country, the dog traveled with the servants in a post-carriage, and 
on his arrival at the town-house was brought out to the stable, where 
a large Newfoundland dog was kept as a watch-dog. This latter in- 
dividual looked with anything but pleasure on the arrival of the little 
intruder from the country ; and consequently the Scotch terrier had 
not been very long in his new home when this canine master of the 
stable attacked him, and, in the language of human beings, gave him 
a pound thrashing. The little animal could, of course, never hope by 
himself to chastise his host for this inhospitable welcome, but he de- 
termined that by some agency chastisement should come. Accord- 
ingly, he lay very quiet that night in a remote comer of the stable, 
but when morning had fully shone forth he was nowhere to be found. 
Search was made for him, as the phrase says, high and low, but with- 
out success; and the conclusion reluctantly arrived at was, that he had 
been stolen. On the third morning after his disappearance, however, 
he again showed himself in London, but this time not alone ; for, to 
the amazement of every one, he entered the stable attended by the big 
mastiff from Kent. This great brute had no sooner arrived than he 
flew at the Newfoundland dog, who had so badly treated his little ter- 
rier friend, and a severe contest ensued, which the little terrier him- 
self^ seated at a short distance, viewed with the utmost dignity and 
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satisfaction. The result of the battle was, that the mastiff came off 
the conqueror, and gave his opponent a tremendous beating. When 
he had quite satisfied himself as to the result, this great avenger from 
Kent scarcely waited to receive the recognition of his master, who had 
been sent for immediately on the dog's arrival, but at once marched 
out of the stable, to the door of which the little terrier accompanied 
him, and was seen no more. , Some few days afterward, however, the 
gentleman received a letter from his steward in the country, inform- 
ing him of the sudden appearance of the terrier there, and his as sud- 
den disappearance along with the large mastiff; and stating that the 
latter had remained away three or four days, during which they had 
searched in vain for him, but had just then returned home again. It 
then, of course, became quite clear that the little dog, finding him- 
self unable to punish the town bully, had thought of his " big broth- 
er " in the country, had traveled over the sixty miles which separated 
them, in order to gain his assistance, and had recounted to him his 
grievance ; it was plain also that the mastiff had consented to come 
and avenge his old friend, had traveled with him to London, and, hav- 
ing fulfilled his promise, had returned home, leaving the little fellow 
free from annoyance in the future. 

The following well-known story is a strong example of the great 
intelligence which may be developed in a dog by careful training : 
A fashionably-dressed English gentleman was one day crossing one 
of the bridges over the Seine at Paris, when he felt something knock 
against his legs, and, looking down, he found that a small poodle-dog 
bad rubbed against him, and covered his boots with mud. He was, 
of course, much annoyed, and execrated the little brute pretty freely ; 
but when he got to the other side of the bridge, he had the boots 
cleaned at a stand for the purpose, and thought no more about the 
matter. Some days after this occurrence, however, he had occasion 
again to cross that bridge, and the same little incident occurred. 
Thinking this somewhat odd, he resolved to watch where the little 
dog went to ; and, leaning against the side of the bridge, he followed 
with his eye the movements of his dirty little friend. He saw him 
rub against the feet of one gentleman after another, till he had ex- 
hausted all the mud off his once white skin, then rush off down the 
bank of the river, and there roll himself in the mud collected at the 
side. Having thus got a new supply of dirt, the little animal ran up 
to the bridge again, and proceeded to transfer it to the boots of the 
passers-by, as before. Having watched his movements for some time, 
the gentleman noticed that on one occasion, instead of running down 
to the river, he went off to the proprietor of the stand for cleaning 
boots, at the other end of the bridge, who received him very cordially. 
The truth then for the first time dawned on him, that the little animal 
belonged to the man who cleaned the boots, and was trained by him 
to perform these mischievous deeds, for the purpose of bringing in 
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custom. Being very fond of dogs, the Englishman resolved to pur- 
chase this clever little fellow, and bring him back to England with 
him. When, however, he went to the dog's master, that person at 
first denied any connection with him, and only admitted the owner- 
ship when he was perfectly satisfied that his interrogator had no con- 
nection with the police. For some time also he refused to part with 
the little poodle, saying that no money could pay him for the loss of 
his dog, who really made his living for him. Tempted, however, by a 
very high price, he at last consented to sell the dog ; and the gentle- 
man, a few days afterward, brought him over to England, traveling 
via Boulogne to Folkstone. His residence in England was some thirty 
or forty miles from Folkstone, and to this place he brought his little 
purchase. He had not been many days in his new home, however, 
when the little French poodle suddenly disappeared. Search was made 
for him everywhere, but to no effect. His new master offered a re- 
ward for him, but with the same result ; and he had at last made up 
his mind that the little fellow had been either poisoned or stolen, when 
one morning, about six weeks after his mysterious disappearance, the 
gentleman received a letter from a friend in Paris telling him that his 
dog was back again there, and at his old trade of soiling boots in the 
interest of his former master. The little fellow, not liking the dulltfess 
of a country life, had resolved to return to his former home, and had 
made his way to Folkstone; there, as the gentleman afterward ascer- 
tained, he had got on board a steamer going to Boulogne, and from 
Boulogne had found his way back to Paris. 

Of the foregoing three stories, the first two are probably even more 
remarkable than the last. The last (except as to the dog's finding its 
way back to Paris) illustrates only the possibility of developing in a 
dog, by the training of its natural intelligence, an almost human in- 
genuity. But it is by instilling into the dog the intelligence of a 
higher being that this skill is engendered. The spring of the intelli- 
gence is in the trainer, and it is to attain an object which the higher 
being, and not the lower, has in view. But in the first two cases the 
whole process is the dog's ; the object to be secured, namely, revenge, 
is what the dog himself seeks, and the means by which that object is 
to be attained are devised and carried out by the instinct of the dog. 
That a dog should harbor revenge is, of course, not a very wonderful 
fact ; but there is a calm reflection and a cool calculation displayed ia 
the first two cases above given, which make them somewhat peculiar. 
If what we call instinct in these animals embraces powers so very like 
reason ; if they are swayed by the same passions and affections which 
move us, and they are able to communicate to their fellows the feel- 
ings which stir them, and the external circumstances which bring those 
feelings into play, the border-line between man's mental territory and 
theirs becomes a little bit indefinite. — Chambers' 8 Journal, 
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PEOFESSOK HUXLEY'S LECTUEES.^ 
11. 

THE NEGATIVE AND FAVORABLE EVIDENCE. 

IN my lecture on Monday night I pointed out that there are three 
hypotheses which may he entertained, and which have heen enter- 
tained, respecting the past history of life upon the glohe. According 
to the first of these hypotheses, life, such as we now know it, has 
existed from all eternity upon this earth. We tested that hypothesis 
by the crrcnmstantial evidence, as I called it, which is furnished by 
the fossil remains contained in the earth's crust, and we found that it 
watt obviously untenable. I then proceeded to consider the second 
hypothesis, which I termed the Miltonic hypothesis, not because it is 
of any particular consequence to me whether John Milton seriously 
entertained it or not, but because it is stated in a clear and unmistak- 
able manner in his great poem. I pointed out to you that the evi- 
dence at our command as completely and fully negatives that hypoth- 
esis as. it did the preceding one. And I confess that I had too much 
respect for your intelligence to think it necessary to add that that 
negation was equally strong and equally valid whatever the source 
from which that hypothesis might be derived, or whatever the author- 
ity by which it mi^ht be supported. 

I further stated that, according to the hypothesis of evolution, the 
existing state of things was the last term of a long series of antecedent 
states, which, when traced back, would be found to show no interrup- 
tion and no breach of continuity. I propose in this and a following . 
lecture to test this hypothesis rigorously by the evidence at command, 
and to inquire how far that evidence could be said to be indifferent 
to it, how far it could be said to be favorable to it, and, finally, how 
far it could be said to be demonstrative. From almost the origin of 
these discussions upon the existing condition — and the causes which 
have led to it — of the animal and vegetable worlds, an argument has 
been put forward as an objection to evolution, which we shall have to 
consider very seriously. I think that that argument was first clearly 
stated by Cuvier in his criticism of the doctrines propounded by his 
great contemporary, Lamarck. At that time the French expedition 
to Egypt had called the attention of learned men to the wonderful 
stores of antiquities in that country, and there had been brought back 
to France numerous mummified corpses of animals which the ancient 
Egyptians revered and preserved, the date of which, at a reasonable 

* The second of three lectures on " The Direct Evidence of Evolution," delivered at 
Chickering Hall, New York, September 20th. From the report of the Niw York Trib- 
iwi€, carefully revised by Prof. Huxley. 
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computation, cannot be placed at less than 3,000 or 4,000 years before 
the time at which they were thus brought to light. Cuvier endeav- 
ored to ascertain, by a very just and proper method, what foundation 
there was for the belief in a gradual and progressive change of ani- 
mals, by comparing the skeletons and all accessible parts of these 
animals, such as crocodiles, birds, dogs, cats, and the like, with those 
which are now found living in Egypt, and he came to the conclusion 
— a conclusion which has been verified by all subsequent research — 
that no appreciable change had taken place in the animals which 
inhabited Egypt. And he drew thence the conclusion, and a hasty 
one, that this fact was altogether opposed to the doctrine of evolu- 
tion. The progress of research since Cuvier's time has furnished far 
stronger arguments than those which he drew from the mummified 
bodies of Egyptian animals. A remarkable case is to be found in 
your own country in the neighborhood of the magnificent falls of 
Niagara. In the immediate vicinity of the whirlpool, and again upon 
Goat Island, in the superficial deposits which cover the surface of the 
soil of the rock in those regions, there are found remains of animals 
in perfect preservation — shells belonging to exactly the same forms 
as at present inhabit the still waters of Lake Erie. It is evident from 
the formation of the country that these animal remains were deposited 
in the beds in which they occur, at the time at which the lake extended 
over the region in which they are found. This involves the necessity 
that they lived and died before the falls had cut their way back 
through the gorge of Niagara ; and, indeed, it is possible to deter- 
mine that at that time the falls of Niagara must have been at least six 
miles farther down the river than they are at present. Many compu- 
tations have been made of the rate at which Niagara is thus cutting 
. its way back. Those computations have varied greatly, but I believe 
I am speaking within the bounds of prudence if I assume that the 
falls of Niagara have not retreated at a greater pace than about a foot 
a year. Six miles, speaking roughly, are 30,000 feet ; 30,000 feet, at 
a foot a year, are 30,000 years ; and we are fairly justified in conclud- 
ing that no less a period than this has passed since these shell-fish, 
whose remains are left in the beds to which we have referred, were 
deposited. But there is even still stronger evidence of the long dura- 
tion of certain types than this. As we work our way through the 
great series of the Tertiary formations, we find species of animals iden- 
tical with those which live at the present day, diminishing in num- 
bers, it is true, but still existing in a certain number in the oldest of 
the Tertiary rocks. And not only so, but when we examine the rocks 
of the Cretaceous epoch itself, we find the remains <ff some animals 
which the closest scrutiny cannot show to be in any respect different 
from those which live at the present time. That is the case with one 
of the lamp-shells, a Terehratula which is found in the chalk, and 
which has continued as it was found, or with insignificant variation, 
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through to the present day. Such is the case with the Globigerince, 
the skeletons of which, aggregated together, form the great mass of 
our chalk in England. That Olohigerina can l?e traced down to the 
Glohigerinm which live at the surface of onr great oceans, and the 
remains of which, falling to the bottom of the sea, give rise to a 
chalky material. So that it must be admitted that certain species of 
creatures living at the present day show no sign of modification or 
transformation in the course of a lapse of time as great as that which 
carries us back to the period of chalk. There are groups of species 
so closely allied together that it needs the eye of a naturalist to dis- 
tinguish them one from another. If we pay attention to these, we 
find that a vastly greater period must be allotted, in some cases, to 
these persistent forms. In the chalk itself, for example, there is the 
fish belonging to the highest and the most differentiated of osseous 
fishes, which go by the name of Beryx, That fish is one of the most 
beautiful of fossils found in our English chalk. It can be studied 
anatomically, so far as the hard parts are concerned, almost as well as 
if it were a recent fish. We find that that fish is represented at the 
present day by very closely-allied species which are living in the 
Pacific and Atlantic Oceans. But we may go still farther back, and 
we find, as I mentioned to you yesterday, that the Carboniferous for- 
mations in Europe and in America contain the remains of scorpions 
in an admirable state of preservation, and those scorpions are hardly 
distinguishable from such as now live. I do not mean to say that 
they are not distinguishable, but they require close scrutiny to distin- 
guish them from the scorpions which exist at the present day. 

More than that. At the very bottom of the Silurian series, in 
what is by some authorities termed the Cambrian formation, where 
all signs of life appear to be dying out — even there, among the few • 
and scanty animal remains which exist, we find species of molluscous 
animals which are so closely allied to existing forms, that at one time 
they were grouped under the same generic name. I refer to the well- 
known JLingula of the Lingula flags, lately, in consequence of some 
slight differences, placed in the new genus Lingulella, Practically it 
belongs to the same great generic group as the Lingula^ which you 
will find at the present day upon the shores of Australia. And the 
same thing is exeniplified if we turn to certain great periods of the 
earth's history — as, for example, throughout the whole of the Meso- 
zoic period. There are groups of reptiles which begin shortly after 
the commencement of this period, as the Ichthyosauria and the Ple- 
siosauria^ and they abound in vast numbers. They disappear with 
the chalk, and throughout the whole of that great series of rocks they 
present no important modifications. Facts of this kind are undoubt- 
edly fatal to any form of the doctrine of evolution, which necessitates 
the supposition that there is an intrinsic necessity on the part of 
animal forms which once come into existence to undergo modifica- 
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tion ; and they are still more distinctly opposed to any view which 
should lead to the belief that the modification in different types of 
animal or vegetable life goes on equally and evenly. The facts, as I 
have placed them before you, would obviously contradict directly any 
such form of the hypothesis of evolution as laid down in these two 
postulates. 

Now, the service that has been rendered by Mr. Darwin in the 
doctrine of evolution in general is this : that he has shown that there 
are two great factors in the process of evolution : one of them is the 
tendency to vary, the existence of which may be proved by observa- 
tion in all living forms; the other is the influence of surrounding 
conditions upon what I may call the parent form and the variations 
which are thus evolved from it. The cause of the production of vari- 
ations is a matter not at all properly understood at present. Whether 
it depends upon some intricate machinery — if I may use the phrase— 
of the animal form itself, or whether it arises through the influence 
of conditions upon that form, is not certain, and the question may for 
the present be left open. But the important point is the tendency to 
the production of variations ; then, whether the variations which are 
produced shall survive and supplant the parent, or whether the parent 
form shall survive and supplant the variations, is a matter which 
depends entirely on surrounding conditions. If the surrounding con- 
ditions are such that the parent form is more competent to deal with 
them and flourish in them than the derived forms, then, in the 'strug- 
gle for existence, the parent form will maintain itself and the derived 
forms will be exterminated. But if, on the contrary, the conditions 
are such as to be better for the derived than for the parent form, the 
parent form will be extirpated and the derived form will take its 
place. 

In the first case, there will be no progression, no advance of type, 
through any imaginable series of ages; in the second place, there 
will be modification and change of form. Thus the existence of these 
persistent types of life is no obstacle in the way of the theory of evo- 
lution at all. Take the case of the scorpions to which I have just 
referred. No doubt, since the Carboniferous epoch conditions have 
existed such as existed when the scorpions of that epoch flourished, 
in which they find themselves better off, more competent to deal with 
the difficulties in their way than any kind of variation from the scor- 
pion type ; and for that reason the scorpion has persisted, and has not 
been Hiij>planted by any other form. And there is no reason in the 
nature of things why, as long as this world exists, if there be condi- 
tions more favorable to scorpions than any variation which may arise 
from tlicm, these forms of life should not persist. 

Therefore, this objection is no objection at all. The facts of this 
character — and they are numerous — belong to that class of evidence 
which I have called indifferent. That is to say, they may afford no 
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direct support to the doctrine of evolution, but they are perfectly 
capable of being interpreted in consistency with it. There is another 
order of facts of the same kind, and susceptible of the same interpre- 
tation. The great group of Lizards^ which abound so much at the 
present day, extends through the whole series of formations as far 
back as what is called the Permian epoch, which is represented by 
the strata lying just above the coal. These Permian lizards differ 
astonishingly liitle from the lizards which exist at the present day. 
Comparing the amount of difference between these Permian lizards 
and the lizards of the present day with the prodigious lapse of time 
between the Permian epoch and the present age, it may be said that 
there has been no appreciable change. 

But when you carry your researches farther back in time you find 
no trace whatever of lizards nor of any true reptile whatever in the 
whole mass of formations beneath the Permian. Now, it is perfectly 
clear that if our existing paleontological collections, our existing 
species of stratified rock, exhaust the whole series of events which 
have ever taken place upon the surface of the globe, such a fact as 
this directly contravenes^ the whole theory of evolution, because this 
theory postulates that the existence of every form must have been 
preceded by that of some form comparatively little different from it. 
Here, however, we have to take into consideration that important fact 
so well insisted upon by Lyell and Darwin — ^the imperfection of the 
geological record. It can be demonstrated as a matter of fact that 
the geological record must be incomplete, that it can only preserve 
remains found in certain favorable localities and under particular 
conditions; that it must be destroyed by prooesses of denudation, 
and obliterated by processes of metamorphosis — by which I mean 
that beds of rock of any thickness crammed full of organic remains 
may yet, either by the percolation of water through them or the in- 
fluence of subterranean heat (if they descend far enough toward the 
centre of the earth), lose all trace of these remains, and present the 
appearance of beds of rock formed under conditions in which there 
was no trace of living forms. Such metaraorphic rocks occur in for- 
mations of all ages, and we know with perfect certainty when they 
do appear that they have contained organic remains, and that those 
remains have been absolutely obliterated. 

I insist upon the defects of the geological record the more be- 
cause those who have not attended to these matters are apt to say to 
us, " It is all very well, but, when you get into difficulty with your 
theory of evolution, you appeal to the incompleteness and the imper- 
fection of the geological record ; " and I want to make it perfectly 
clear to you that that imperfection is a vast fact which must be 
taken into account in all our speculations, or we shall constantly be 
going wrong. 

You will all see that singular series of tracks which is copied of 
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its natural size in the large diagram hanging up here, which I owe to 
the kindness of my friend Prof. Marsh, with whom I had the oppor- 
tunity recently of visiting the precise locality in Massachusetts in 
which these tracks occur. I am, therefore, able to give you my own 
testimony, if needed, that they accurately represent the state of 






Fio. 1.— Tracks of Bbontozoum. 

things which we saw. The valley of the Connecticut is classical 
ground for the geologist. It contains great beds of sandstone, cover- 
ing many square miles, and which present this peculiarity, that they 
have evidently formed a part of an ancient sea-shore, or, it may be, 
lake-shore, and that they have been sufficiently soft for a certain 
period of time to receive the impressions of whatever animals walked 
over them, and to preserve them afterward in exactly the same way, 
as such impressions are at this very moment preserved on the shores 
of the bay of Fundy and elsewhere. We have there the tracks of 
some gigantic animal (pointing to the diagram), which walked on its 
hind-legs. You see the series of marks made alternately by the right 
foot and by the left foot ; so that from one impression to the other of 
the three-toed foot on the same side is one stride, and that stride, as 
we measured it, is six feet nine inches. I leave you, therefore, to 
form an impression of the magnitude of the creature which must have 
walked along the ancient shore, and which made these impressions. 

Now, of such impressions there are untold thousands upon these 
shores. Fifty or sixty different kinds have been discovered, and they 
cover vast areas. But up to this present time not a bone, not a frag- 
ment, of any one of the great creatures which certainly made these 
impressions has been found ; and the only skeleton which has been 
met with in all these deposits to the present day — though they have 
been carefully hunted over — is one fragmentary skeleton of one of 
the smaller forms. What has become of all these bones ? You see 
we are not dealing with little creatures, but animals that make a step 
of six feet nine inches ; and their remains must have been left some- 
where. The probability is, that they have been dissolved away, and 
absolutely lost. 

I have had occasion to work at series of fossil remains of which 
there was nothing whatever except the casts of the bones, the solid 
material of the bone having been dissolved out by percolating water. 
It was a chance in this case that the sandstone happened to be of 
such a constitution as to set, and to allow the bones to be afterward 
dissolved out, leaving cavities of the exact shape of the bones. 
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Had that constitution been other than what it was, the bones 
would have been dissolved, the beds of sandstone would have fallen 
together, become one mass, and not the Slightest indication that the 
animal had existed would have been discovered. 

I know of no more striking evidence than this fact affords, of the 
caution which should be used in drawing the conclusion, from the 
absence of organic remains in a deposit, that animals did not exist at 
the time it was formed. I believe that, having the right understand- 
ing of the doctrine of evolution on the one hand, and having a just 
estimation of the importance of the imperfection of the geological 
record on the other, all difficulty from the kind of evidence to which 
I have adverted is removed ; and we are justified in believing that 
all such cases * are examples of what I have designated negative 
or indifferent evidence — that is to say, they in no way directly ad- 
vance the theory of evolution, but they are no obstacle in the way 
of our belief in the doctrine. 

I now pass on to the consideration of those cases which are not — 
for reasons which I will point out to you by-and-by — demonstrative of 
the truth of evolution, but which are such as must exist if evolution 
be true, and which therefore are, upon the whole, strongly in favor of 
the doctrine. If the doctrine of evolution be true, it follows that, how- 
ever diverse the different groups of animals and of plants may be, 
they must have all, at one time or other, been connected by gr'a- 
dational forms ; so that, from the highest animals, whatever they 
may be, down to the lowest speck of gelatinous matter in which life 
can be manifested, there must be a sure and progressive body of evi- 
dence — a series of. gradations by which you could pass from one end 
of the series to the other.* Undoubtedly that is a necessary postulate 
of the doctrine of evolution; But, when we look upon animated Na- 
ture as it at present exists, we find something totally different from 
this. We find that animals and plants fall into groups, the different 
members of which are pretty closely allied together, but which are 
separated by great breaks or intervals from other groups. And we 
cannot at present find any intermediate forms which bridge over these 
gaps or intervals. To illustrate what I mean: Let me call your at- 
tention to those vertebrate animals which are most familiar to you, 
such as mammals, and birds, and reptiles. At the present day these 
groups of animals are perfectly well defined from one another. We 
know of no animal now living which in any sense is intermediate 
between the mammal and the bird, or between the bird and reptile ; 
but, on the contrary, there are actually some very distinct and ana- 
tomical peculiarities, well-defined marks, by which the mammal is 
separated from the bird, and the bird from the reptile. The dis- 
tinctions are apparent and striking if you compare the definitions 
of these great groups as they now exist. At the present day there 
are numerous forms of what we may call broadly the pig tribe. 
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and many varieties of ruminants. These latter have their definite 
characteristics, and the former have their distinguishing peculiarities. 
But there is nothing that fills up the gap between the ruminants and 
the pig tribe. The two are distinct. So also is this the case between 
the groups of another class — reptiles. We have crocodiles, lizards, 
snakes, and tortoises, and yet there is nothing — no connecting link — 
between the crocodile and lizard, or between the lizard and snake, or 
between the snake and the crocodile, or between any two of these 
groups. They are separated by absolute breaks. If, then, it could be 
shown that this state of things was from the beginning — had always 
existed — it would be fatal to the doctrine of evolution. If the inter- 
mediate gradations which the doctrine of evolution postulates must 
have existed between these groups — if they are not tb be found any- 
where in the records of the past history of the globe — all that is so 
far a strong and weighty argument against evolution ; while, on the 
other hand, if such intermediate forms are to be found, that is so 
much to the good of evolution, although, for the reason which I will 
put before you by-and-by, we must be cautious in assuming such facts 
as proofs of the theory. 

It is a very remarkable fact that, from the commencement of the 
serious study of paleontology, from the time in fact when Cuvier 
made his brilliant researches upon the fossil remains of animals found 
irf the quarries of Montmartre, Paleontology has shown what she was 
going to do in this matter, and what kind of evidence it lay in her 
power to produce. 

I said just now that at the present day the group of pig-like ani- 
mals and the group of ruminants are entirely distinct ; but one of the 
first of Cuvier's discoveries was an animal which he called the jLtio- 
plotherium, and which he showed to be, in a great many impoitaut 
respects, intermediate in its character between the pigs on the one 
hand and the ruminants on the other ; that, in fact, research into the 
history of the past did so far — and to the extent which Cuvier indi- 
cated — tend to fill up the breach between the group of ruminants and 
the group of pigs. All subsequent research has also tended in this 
direction ; and at the present day the investigations of such men as 
Rtltimeyer and Gaudry have tended to fill up and connect, more and 
more, the gaps in our existing series of mammals. But I think it may 
have an especial interest if — instead of dealing with these cases, which 
would require a great deal of tedious osteological detail — I take 
the case of birds and reptiles — which groups, at the present day, are 
so clearly distinguished from one another that there are perhaps no 
classes of animals which in popular apprehension are more completely 
separated. Birds, as you are aware, are covered with feathers ; they 
are provided with wings ; they are specially and peculiarly modified 
as to their anterior extremities ; and they walk perpendicularly upon 
two legs ; and those limbs, when they are considered anatomically, 
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present a great number of exceedingly remarkable peculiarities, to 
which I may have occasion to advert incidentally as I go on, but 
which are not met with even approximately in any existing forms of 
reptiles. On the other hand, reptiles, if they have a covering at all, 
have a covering of scales or bony plates. They possess no wings; 
they are not volatile, and they have no such modification of the limbs 
as we find in birds. It is impossible to imagine any two groups 
apparently more definitely and distinctly separated. As we trace the 
history of birds back in time, we find their remains abundant in the 
tertiary rocks throughout their whole extent, but, so far as our pres- 
ent knowledge goes, the birds of the tertiary rocks retain the same 
essential character as the birds of the present day — that is to say, the 
tertiary bird comes within the definition of our existing birds, and are 
as much separated from reptiles as our existing birds are. A few 
years ago no remains of birds had been found below the tertiary 
rocks, and I am not sure but that some persons were prepared to- 




Fio. 8.— Hesferobnis RseALis. (Mareb.) 



demonstrate that they could not have existed at an earlier period. 
Bat in the last few years such remains have been discovered in Eng- 
land, though, unfortunately, in a very imperfect condition. In your 
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country the development of Cretaceous rocks is enormous ; the condi- 
tions under which the later cretaceous strata have been deposited are 
highly favorable to the preservation of organic remains, and the 
researches full of labor and toil, which have been carried on by Prof. 
Marsh in these Western cretaceous rocks, have rewarded him with 
the discovery of forms of birds of which we had hitherto no concep- 
tion. By his kindness, I am enabled to place before you a restoration 
of one of these extraordinary birds, every part of which can be thor- 
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Fia. 8.— Hespebobnis Reoalis. (Manh.) 

oughly justified. The remains exist in the greatest beauty in his col- 
lection. This Heaperornis stood about six feet high, and in a great 
many respects is astonishingly like an existing diver or grebe, so like 
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it indeed that, had this skeleton been found in a museum, I suppose — 
if the head had not been known — it would. have been placed in the 
same general group as the divers and grebes of the present day. But 
this bird differs from all existing birds, and. so far resembles reptiles 
in one important particular that it is provided with teeth. These 
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Fig. 4.— Ichthtornis Dispab. (Marsh.) 



long jaws are beset by teeth, as in this diagram, in which one of the 
teeth is represented separately. In possessing true teeth, the Hesper- 
ornis differs entirely from any existing bird, and in view of the char- 
acteristics of this bird we are obliged to modify the definition of the 
class of birds and reptiles. Before the discovery of a creature such 
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as this, it might have been said that birds were characterized by the 
absence of teeth ; but the discovery of a bird that had teeth shows at 
once that there were ancient birds that, in that particular respect, 
approached reptiles more nearly than any existing bird does. 

The same rocks, have yielded another bird {Ichthyornis)^ -which 
also has teeth in its jaws, the teeth in this case being situated in dis- 
tinct sockets, while those of HesperomU were not so lodged. The 
latter also had very small wings, while IcJdhyomis has strong wings. 
Ichthyornis also differed in the fact that the joints of its backbone — 
its vertebrae — had iK)t the peculiar character that the vertebrae of 
existing birds have, but were concave at each end. This discovery 
leads us to make another modification in the definition of the ^onp 
of birds, and to part with another of the characters by which they 
are distinguished from reptiles. We know nothing whatever of birds 
older than these until we come down to the Jurassic period, and from 
rocks of that age we have a single bird which was first made known 
by the finding of a fossil feather. It was thought wonderful that 
such a perishable thing as a featiier should be discovered and nothing 
more, and so it was ; and for a long time nothing was known of this 
bird except its feather. But, by-and-by one solitary specimen was 
discovered, which is now in the British Museum. Tbat solitary 
specimen is unfortunately devoid of its head ; but there is this 
wonderful peculiarity about the creature that, so far as its feet 
are known, it has all the characters of a bird, all those peculiari- 
ties by which a bird is distinguished from a reptile. Neverthe- 
less, in other respects, it is unlike a bird and like a reptile. There 
is a long series of caudal vertebrae. The wing differs in some 
very remarkable respects from the structure it presents in a true 
bird. In a true bird the wing answers to these three fingers — the 
thumb and two fingers of my hand — ^the metacarpal bones are fused 
together into one mass — and the whole apparatus except the thumb 
is bound up in a sheath of integument, and the edge of the hand 
carries the principal quill-feathers. It is in that way tbat the bird*s 
wing becomes an instrument of flight. In the Archmopteryx^ the up- 
per-arm bone is like that of a bird ; these two forearm bones are more 
or less like those of a bird, but the fingers are not bound together — 
they are free, and they are all terminated by strong claws, not like 
such as are sometimes found in birds, but by such as reptiles possess, 
so that in the Archmopteryx you have an animal which, to a certain 
extent, occupies a midway place between a bird and a reptile. It is 
a bird so far as its foot and sundry other parts of its skeleton are 
concerned ; i6 is essentially and thoroughly a bird in the fact that it 
possesses feathers, but it is much more properly a reptile in the fact 
that what represents the hand has separate bones resembling those 
which terminate the fore-limb of a reptile. Moreover, it had a long 
tail with a fringe of feathers on each side. All these cases, so far as 
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they go, you will observe are in favor of evolution to this extent, that 
they show that in former periods of the world's history creatures ex- 
isted which overstepped the bounds of all existing classes and groups, 
and tended to fill up the intervals which at present exist between 
them. But we can go further than this. It is possible to fill up 
the interval between birds and reptiles in a much more striking 
manner. I do not think that this is to be done by looking upon 
what are called the Pterodactyls as the intermediate form between 




Pio. 5.~Ptxbodaottlu8 Sfeotabilis. (Von Meyer.) 



birds and reptiles. Throughout the whole series of the mesozoic 
rocks we meet with some exceedingly remarkable flying creatures, 
some of which attain a great size, their wings having a span of 
eighteen or twenty feet or more, and these are known as Ptero- 
sauria^ or Pterodactyls. We find these with a bird-like head and 
neck, with a vertebral column sometimes terminated by a short and 
sometimes by a long tail, and in which the bones of the skeleton 
present one of the peculiarities which are often considered to be most 
characteristic of birds — that of having pneumatic cavities, which make 
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the creature specifically light in its flight. Like a bird, this creature 
has a largish breastbone, but from that point onward, so far as I can 
see, special, particular resemblances end, and a careful examination 
of the fore-limbs shows you that they are not birds' wings ; they are 
something totally different from a bird's wings. And then, again 
(pointing tb a chart), those are not a bird's posterior extremities, but 
are rather a reptilian's hind-limbs. The vertebrae present nothing 
that I need dwell upon, but the bones of the hand are very won- 
derful. 

There are four fingers represented. These four fingers are large, 
and three of them — ^these, which answer to these three in my hands — 
are terminated by claws, while the fourth is enormously prolonged 
into a great jointed style. You see at once from what I have stated 
about a bird's wing that there could be nothing more unlike a bird's 
wing than this is. It was concluded by general reasoning that this 
finger was made to support a great web like a bat's wing. Speci- 
mens now exist showing that this was really the case, that this creat- 
ure was devoid of feathers, but the fingers supported a vast web like 
a bat's wing, and there can be no doubt that this ancient reptile flew 
after the fashion of a bat. Thus, though the pterodactyl is a flying 
reptile, although it presents some points of similarity to birds, yet is 
it so different from them that I do not think that we have any right to 
regard it as one of the forms intermediate between the reptile and the 
bird. Such intermediate forms are to be found, however, by looking 
in a different direction. Through the whole series of mesozoic rocks 
there occur reptiles, some of which are of gigantic dimensions ; in 
fact, they are reckoned among the largest of terrestrial animals. 
Some of them are forty and fifty, possibly more, feet long. Such are 
the Iguanodon^ the Megcdosaurus^ and a number of others, with the 
names of which I will not trouble you. There are great diversities 
of structure among these great reptiles. Some of them resemble liz- 
ards in the proportions of their limbs, and have evidently walked on 
all-fours, in that respect resembling the existing crocodile; but in 
others you can trace a series of modifications in virtue of which the 
hind-limbs at length completely assumed the character of a bird's 
hind-limbs. I here indicate (pointing to a diagram) the hind limb 
of a crocodile, showing the bones of the hind-limbs and of the pelvis. 
These are the haunch-bones; these are the two leg-bones. Then 
comes the division of the foot which we call the tarsus, in which the 
component bones are separate and distinct from one another, from 
the bones of the leg and from those of the metatarsus. Then come 
the four toes, which alone exist in the hind-feet of the crocodile, and 
which are separate and distinct. The foot ift flat on the ground, so 
that the legs spread out and the weight of the body hangs clumsily 
between them. Contrast this with what we find in the bird — the 
haunch -bone here is immensely elongated, and the joints of the 
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back -bone, between the two haunch -bones, are united so as to 
form a solid support upon which the weight of the body rests. Then 
the thigh-bone becomes very short, and has a back ridge upon its outer 
articular surface. At the lower end the ridge fits in between the 
upper extremity of the small bone of the leg, near to the great bone, 
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and makes a kind of spring-joint. The small bone of the leg is quite 
large above, and becomes rudimentary below. It runs out into a 
style, instead of being long and large, as it is in the case of the croco- 
dile. Then, when you come to the bones of the foot, you find there 
are no separate bones such as you have here, but the end of the tibia, 
or large bone of the leg, appears to end in a kind of pulley, a sin- 
gle bone follows the tibia and to the trifurcated extremity of this 
bone. Upon the extremity of that bone are attached three toes. It 
is* obvious that the contrast between the crocodile's leg on the one 
hand, and the bird's leg on the other, is very striking. . But this in- 
terval is completely filled up when you study the character of the 
hinder extremities in those ancient reptiles which are called the JDino- 
sauria. In some of these the bones of the pelvis, and those of the 
hind-limb, become extraordinarily similar to those of birds, especially 
to those of young or fcetal birds.. Furthermore, in some of these rep- 
tiles, the fore-limbs become smaller and smaller, and thus the sus- 
picion naturally arises that they may have assumed the erect posi- 
tion. That view was entertained by Mantel, and was also demon- 
strated to be probable by your own distinguished anatomist, Leidy, 
but the discoveries of late years show that in some of these forms the 
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fact was actually so ; that reptiles once existed which walked upon 
their hind-legs as birds now do. The diagram is a faithful aijd accu- 
rate representation of an existing fossil except for this, that, whereas 
in the existing fossil the bones are twisted about and out of place, I 




Fig. 7.— C0MP8OGNATHU8 Lonoipbs. (Wagner.) 

have put them h«re in the position that they must have had in na- 
ture. You see a creature with a long neck and bird-like head, with 
very small anterior extremities, and that compsognathous creature 
must assuredly have walked about upon its hind-legs, bird-fashion. 
Add to this feathers, and the transition would be complete. Now 
to define it : The possession of teeth would, as we see, not separate 
this animal from the class of birds we have. We have had to stretch 
the class of birds so as to include birds possessed of teeth, and, so far 
as the character of the skeleton goes, we may fairly say that there 
needs here little more than the addition of feathers — and whether this 
creature had them or not we don't know — to convert it into a bird.. 

I have said that there can be no question, from their anatomical 
structure, that these animals walked upon their hind-legs, and, in fact, 
there are to be found in the Wealden strata of England gigantic foot- 
steps arranged in order like these of the Brontozoum^ and which there 
can be no reasonable doubt were made by Dinosauria^ the remains 
of which were found in the same rock. And, knowing that reptiles 
that walked upon their legs and shared many of the anatomical char- 
acters of birds did once exist, it becomes a very important question 
whether those tracks in Massachusetts — to which I referred just now, 
arid which formerly used to be unhesitatingly ascribed to birds — may 
not all have been made either by reptiles similar to the Dmosauria, 
or whether, if we could get hold of the skeleton which made these 



Digitized by 



Google 



ON VARIATION IN THE MOTHS. 223 

tracks, some of whiph are marvelously like bird's tracks, we should 
not come upon exactly that series of transitions by which in former 
days the reptile was connected with the bird, 

I don't think, ladies and gentlemen, that I need insist upon the 
value of evidence of this kind. You will observe that, although it 
does not prove that birds have originated from reptiles by the gradual 
modification of the ordinary reptile into a dinosaurian form, and so 
into a bird, yet it does show that such a process may possibly have 
taken place, and it does show that, in former times, there existed 
creatures which filled up one of the largest gaps in existing animate 
nature, and that was exactly the kind of evidence which I stated to 
you in starting we are bound to meet with in rocks if the hypothesis 
of evolution be correct. 

In my third and last lecture I will take up what I venture to call 
the demonstrative evidence of evolution. 



ON YAEIATION IN THE MOTHS. 

By AUG. R. GROTE, A. M. 

THERE are a large number of different kinds of moths, inhabiting 
North America and Europe, which entomologists have classified 
under the. technical family term, Noctuoe. Of this family, 1,028 differ- 
ent species have been catalogued as European, There being very many 
students, and a sufficient time having elapsed to secure a thorough col- 
lecting throughout the territory, this number may be taken as suffi- 
ciently corresponding with the actual representation of the family in 
Europe. In North America nearly 1,200 species are now catalogued,* 
but, since much of our temtory remains to be explored in this re- 
spect, we may expect considerable additions to the number of known 
Noctu(B inhabiting our continent. The greater number of the spe- 
cies may be easily distinguished on comparison, the American from 
the European. There are, however, certain American species which 
differ but very slightly from certain European, and hence are generally 
called "representative species," or "species of replacement." For 
instance, Apatela occidentalia (G. and R.) " represents " the European 
Apatda psi (Linn.) ; Agrotis Normaniana (Grote), the European 
Agrotis triangulum ; Calocampa nupera (Lintner), the European 
Calocampa vetusta ; Catocala relicta (Walk.), the European Cato- 
calafraxini, etc. 

Although the number of such species appears relatively small, 

" List of the Noctuidae of North America, 1876-'76." BuflTalo, Reinecke & Zesch. 
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it is probably in reality larger than as yet suspected. For even the 
species acknowledged to occupy this relationship to each other ex- 
hibit quite different degrees of resemblance. I say " relationship," 
for we must reasonably conclude that this resemblance is not acci- 
dental or meaningless. It must indicate that both the European and 
American species are derived from a common stock. More than two 
years ago, I suggested that the faunae had become separated through 
the physical action of the glacial epoch, showing that from the pres- 
ent distribution of species, and their degree of resemblance, no other 
hypothesis would explain all the facts in the case so satisfactorily. 
For we have to account, first, for the occurrence of nearly-related 
forms in localities as widely separated, geographically, as Texas and 
Germany ; and then, again, for the occurrence, within our territory, 
of nearly-related species on the Alpine summits of Mount Washington 
and the distant arctic regions. The method of probable distribution 
of these latter species, through the action of the retreating ice, I have 
explained in the American Naturalist for March of this year. 

In studying specimens of these related American and European 
species of NoctvxB^ some new light bearing upon the question of their 
differences is attempted to be thrown in the present paper. I have 
endeavored to localize these differences upon some portion of the 
insect. In all the cases I have been able to investigate, these differ- 
ences are expressed on the upper surface of the body and wings, and 
principally on the upper surface of the front pair of wings. Here it 
is that the first variations, which now have grown into specific differ- 
ences, were probably expressed. And the reason for this seems to be, 
that this portion of the body is that usually exposed to the light and 
the action of external influences. The moths, during the daytime, 
rest with the front-wings dependent over the hind-wings, and nearly 
covering the body. While in the American and European related 
species the differences which lead us to call them distinct '* species " 
are located on the front- wings chiefly, the under surfaces of both wings 
remain exceedingly similar in the contrasted forms. This is the por- 
tion which in the day time (the period of inaction for moths) is 
applied to the surface against which the insect rests, and is entirely 
shielded from exposure. Take, for instance, the European Catocala 
fraxini and the American Catocala relicta. The ground-color of the 
American species above and below is a bright, clear white. Now, 
beneath, both species show this color, but the upper surface of 
the fore-wings, in the European species, is obscured by an evenly- 
distributed admixture of blackish scales, so that the wings appear of 
a uniform obscure gray. The hind-wings, in the European species, 
are crossed by a band of bluish scales ; in the American, this band is 
white, while I have recently detected a slight powdered edging of 
blue scales, difficult to perceive, and apparently hitherto unnoticed. 
The principal difference in ornamentation is, again, to be found on the 
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upper surface of the fore-wings. It lies in the course and shape of the 
transverse posterior line — a line which is a general feature of oma- 
naentation throughout this group of insects. 

This position might he sustained hy parallel facts, but the limit of 
this article does not allow of their being presented. It remains to 
see what light these observations throw upon the origin of all these 
different kinds of moths. They seem to me to point to a method of 
variation in this group, and to a reason for its display. And, if we 
can apply these observations to particular instances, they may lead to 
a better understanding of the value of these specific forms, by allow- 
ing us to appreciate with more exactness the amount of differentiation 
they have undergone in the lapse of time. In a wider sense, we may 
attempt a classification by the ornamentation and coloration in the 
moths based on method, and such studies cannot fail to lend fresh 
interest to the barren but necessary work of describing the different 
species or forms. It seems to me, also, that these observations vindi- 
cate the importance of studying the characters of color and pattern in 
the group, and are, perhaps, a criticism on the remarks of those writ- 
ers who purposely allow these no higher value than the subordinate 
one of dividing their material into " species " in their collections. In 
fact, these characters may give us a clew to the genealogy of the group, 
and seem to be of sufficient importance to be noted in descriptions of 
genera. 



THE CONSTANCY OF MOTION. 
Bt geobge iles. 

TBnS conservation of energy, as treated in the most recent work of 
authority on the subject. Prof, Balfour Stewart's, published in the 
** International Scientific Series,'* regards energy as divisible into two 
classes, actual and potential : actual energy, as in the case of a rush- 
ing stream of water, or a radiant and contracting mass of molten 
iron ; and potential energy, where, for instance, a stone is at a height 
and may fall, or where a spring is tightly coiled and may unwind. 

Prof. Stewart speaks the general opinion of modem physicists, 
Profs. Rankine, Tyndall, and others, when he states that, in cases of 
potential energy, the bodies endowed with it are absolutely at rest, 
and that the motion exhausted in storing up such energy is represent- 
ed by a mere advantage of position, which, when utilized, yields in 
actual, palpable motion the energy which has lain completely quies- 
cent, as when the stone falls to the earth, or the freed spring un- 
coils. 

This division of energy into actual and potential seems to me to 
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be defective. It prevents the direct comprehenBion in the mind of 
energy as being motion and nothing else ; it leaves unexplained how 
a body perfectly at rest can come to move ; and farther implies the 
dissipation of energy (which I have treated in a previous number of 
this journal) in a new phase, for, if all the actual energy in the uni- 
verse were to become potential, all the real and positive motions which 
constitute life might indefinitely cease. 

Let us examine, then, some cases of ^' potential " energy, and see 
if they be not actual, although under a disguise ; so that the present 
definition of the conservation of energy may be replaced by the more 
intelligible statement that motion is constant ; that it is never abol- 
ished for a time, nor absolutely suspended, all appearances to the con- 
trary notwithstanding ; and that so, all cases of energy are dynamic, 
and no part of them static, as now currently held. 

For matter seemingly at rest may contain within itself motions as 
real as those to which at another time it openly gives rise, when it 
radiates heat or attracts by magnetism. 

First of all, then, let us consider the case of a stone at a height, say 
on the brow of a cliff, capable of falling at any time when slightly 
pushed. 

Gravity is the one force, of all the forms of energy, whose relations 
with others it is most difficult to imagine. 

Other forces affect each other most palpably : magnetism forsakes 
a magnet when it is made white hot ; chemical affinity is most sensi- 
tive to variations of temperature, and even in some cases to mechani- 
cal tremor ; the transmission of electricity is favored by the cooling 
of a conductor, and so on. 

Otherwise is it with gravity : a given mass of matter, however 
mechanically moved, electrified, magnetized, heated, or subjected to 
chemical changes, at the same point on the earth's surface, always 
weighs the same. 

The only force with which gravity has any analogy is magnetism; 
and were magnetism always attractive, instead of polar, with equal 
opposite manifestations of attraction and repulsion, the analogy would 
be a strong one. 

Let us, however, work out what analogy there is, and we may find 
that as the subtile movements of light were made plain by the study 
of the grosser movements of sound in air, so may the long-hidden 
laws of gravity be revealed in part, by tracing th6 similitude existing 
between their effects and those of common magnetism. 

Both forces obey the law of squares : according to that law, they 
diminish as we recede from their centres of attraction. And what is 
very suggestive is, that, as their appetites are satisfied, they decrease 
in exactly the same ratio. 

Two small magnets at a great distance from each other (so as to 
be practically out of the range of each other's influence), having each 
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a force equal to 1, when permitted to unite, have together a force less 
than 2 ; and this because work can be done by their attraction me- 
chanically, or may appear as heat ; and of course this must diminish 
their original stock of energy. 

Precisely so with gravity. Suppose, for simplicity's sake, the 
radius of the earth to be 4,000 miles. Let us then imagine a stone of 
four tons lifted from the earth's surface to a distance of 4,001 miles ; 
it would there weigh one ton — very nearly. Were such a mass to fall 
it would pass through 4,001 miles of space, and yield corresponding 
work. 

Now let us further imagine a world, concentric with our present 
one, to be made up by the union of the earth with seven other such 
planets, and let us leave out of the question any possible condensation 
in the matter of this new world. Then supposing the stone to have 
resumed its former position in space, if gravity were allowed to act 
again, it could only do so through one mile, instead of 4,001 miles as 
before. 

And mark how the geometrical necessities of enlargement lessen 
the working power of a mass attracting by gravity ; for a stone weigh- 
ing four tons on our present globe would only weigh twice as much 
on a sphere containing eight times the matter. 

In the latter case, the surface would be twice as distant from the 
centre as in the former ; for the attraction diminishes as the square 
of the distance of surface from the centre. Therefore the 8 times in- 
creased bulk has to be divided by 4, the square of the doubled radius. 

Thus the weight of a definite mass on any celestial body varies as 
the density of the body and as the radius of it. 

One of our pound-weights taken to the sun would there weigh 27 
pounds, the sun's radius being about 110 times that of the earth, but 
its density only about one-fourth as great; while its bulk exceeds 
that of our planet by as much as 1,252,000 times. 

If we now attentively observe the energy of a magnet in its usual 
genesis, we may learn somewhat, not only of gravity, but of attrac- 
tion in general. The most convenient way to make magnets is by the 
use of an electric coil. .A piece of properly-tempered steel is inserted 
in a helix of copper wire, through which a current circulates proceed- 
ing from the mechanical motion of a steam-engine, converted into 
electricity by suitable apparatus. 

Other methods of magnetization there are, but none so directly 
instructive as this; here we have the visible, palpable motion of 
heavy wheels disappearing, and the chief result is the attractive force 
developed in the steel. The conviction dawns upon us that the mo- 
tion of the wheels has been taken up by the molecules of the bar, 
that the steel has now internal movements which before it had not; 
and that these movements of its particles exist in full actuality, ca- 
pable of doing tangible work when fitly permitted. Let us bring 
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a piece of iron or steel near to the magnet, and instantly it leaps 
toward it, confirming our conviction. 

That a mediam exists for the conveyance of such molecular mo- 
tion, we are obliged to think ; bnt what it is, or how it is affected, 
we cannot yet imagine. Thus much, however, is plain, that, as a me- 
dium purely, it can be no source of motion, so that the mere fact of 
distance between bodies can be no satisfactory explanation of attrac- 
tion. 

Attraction, then, wherever it appears, I believe to be due to con- 
tained motion in the particles of the bodies presenting it; which 
molecular motion is the equivalent of, and convertible into, the move- 
ment of masses as wholes. 

Gravity, I venture to hold, is a force due to a distinct motion of 
the ultimate parts of matter, which has not yet been formulated. 
And, as the energy expended in sundering two united magnets reap- 
pears in the increase of their attractive powers, or the acceleration of 
such motion of their particles as constitutes magnetism, so the lifting 
of a stone from the earth would imply that the force consumed in so 
doing must take the form of a quickening in that motion of its parti- 
cles which constitutes gravity. And we have seen how every succes- 
sive act of obedience to both these forces of aggregation makes them 
weaker and weaker, as it reasonably should. 

Therefore, I conclude that the energy of a stone at a height is not 
potential, but actual; thiat its value as a source of work, at any time, 
is represented by the swifter motion of its molecules as compared 
with those of a stone on the earth's surface; and that, as a stone falls, 
its internal motion takes the phase of mass motion. 

This theory would lead us to suppose that the onward momen- 
tum of the planets, as they turn before the sun, is the expression of an 
equal internal gravitive motion of their ultimate parts, which exactly 
balances these mighty celestial revolutions. 

The next case of " potential " energy to be inquired into is that of 
a coiled spring, which, in unwinding, may yield the force it took to 
coil it. 

This case may be intelligibly explained on the same principle of 
the constancy of motion. The particles of a spring may be assumed 
to have a definite plane of molecular motion, which motion we shall 
presume is that due to temperature. In coiling, these planes are 
changed, and energy is required to do it ; just as when a gyroscope- 
top is rapidly revolving in a certain fixed plane, it may, by a measu- 
rable effort, be made to revolve in a conical curve, with one end of its 
axis stationary, and the other describing a circle in space. And, as 
the gyroscope strongly tends to move in a uniform plane, and can do 
work in resuming such a plane, so I assume that the particles in a 
coiled spring have two similar motions, one of which is at any time 
available for tangible work when the spring is freed. 
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Yet another example. Let us take the case of a cylinder of com- 
pressed air which for years, tightly sealed, may serve as a store of 
force. 

Prof. Gler& Maxwell explains how an ounce of air, in a closed and 
fragile jar, sustains the outside pressure of the atmosphere amounting 
to several tons ; this he does by the theory that the ounce of air is 
made up of molecules which have so rapid a motion among themselves 
that they collide on the inside of the jar with as great a force as that 
of the atmospheric pressure externally. 

This theory, now widely accepted, rests on the solid grounds of 
the measured velocity of air rushing into a vacuum, which is the 
same as that assumed for its internal motion ; and further, on some 
observations of the diffusion of various gases into each other, which it 
would be out of place to detail here. 

On the basis, then, of Prof. Maxwell's theory, we can believe that, 
in a cylinder of compressed air, the energy stored up exists in no 
merely " potential " form, but in the full actuality of the rapid motion 
of gaseous particles, which may take the shape of mass-motion when 
the piston is allowed to move outward. 

An extension of the hypothesis that motion is continuous would 
lead to the inference that the so-called latent heat of water at 32° 
Fahr., as compared with ice at the same temperature, is due to the 
swifter movement of the molecules in the former case ; and no facts 
are better known than that mechanical motion can become heat, and 
that heat tarns ice into water. 

Another implication of this theory is that atoms, as free hydrogen, 
oxygen, or carbon, are in exceedingly greater commotion than mole* 
cnles, such as those of water or carbonic-acid gas. For the decompo- 
sition of such molecules may be effected by the exhaustion of mechani- 
cal motion, and I take it that the dynamic state of the products must 
balance this expenditure. What else can become of it? 

The measure of the contained motion in two different atoms can 
be noted on their combining chemically, by the increase of tempera- 
ture, which has its well-known mechanical equivalent. 

The analogy between chemical units and small magnets is very 
close: as a magnet decreases in size, so, relatively thereto, does its 
attractive power increase; and, were we able to go on dividing 
until we came to a single atom of iron, we should doubtless have 
the magnetism merge into the equivalent phase of intense chemical 
affinity. 

Without further illustration, then, of the principle set forth, I will 
say that, as in recent years we have had to familiarize ourselves with 
the idea that many forms of actual energy are impalpable, as the rays 
of light and the waves of sound, so now I think there are good 
grounds for extending our ideas so as to believe that all phases of 
"potential ^ energy are really actual ; that, as we cannot but think 
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that only motion can breed motion, energy means motion ; and that as 
such its amount is constant, and its presence, behind whatever veil, 
continuous ; so that it is only properly divisible into two kinds, per- 
ceptible and imperceptible. 



SKETCH OF PEOFESSOR MAYER. 

AMONG the younger physicists of the country who have done 
honor to American science by the interest and extent of their 
original researches, the subject of the present sketch, and of whom 
we give an excellent portrait this month, holds a distinguished place. 
Though now only in the prime of his manhood, he has already made 
many refined and elaborate experimental researches, by which he is 
widely and favorably known to men of science both in this country 
and in Europe. 

Alfred Mabshall Mater was bom in Baltimore, November 3, 
1836. His grandfather. Christian Mayer, was descended from an ancient 
family in the city of Ulm, Wtlrtemberg, and came to Baltimore when 
a young man. Here he made a large fortune in trade with India and 
Mexico. He was well known in his day for his liberal and elegant 
hospitality, his extensive reading, profound knowledge of mercantile 
law, and those marked social and gentlemanly traits that made him 
a delightful companion. His father was Charles F. Mayer, who was 
distinguished for his learning, eloquence, and extensive literary cult- 
ure. He is the nephew of Brantz Mayer, a prominent writer, who is 
especially known by his various valuable works on Mexico, where he 
resided for a time as secretary of legation. 

Prof. Mayer was partly educated at St. Mary's College, in Balti- 
more, which he left at the age of sixteen for a more practical sphere 
of study. He entered the workshop and draughting-room of a me- 
chanical engineer, where he remained two years, acquiring a knowl- 
edge of the use of tools, mechanical drawing, the method of con- 
structing machines, and careful mechanical manipulation. Subse- 
quently, during two years, he cultivated analytical chemistry by 
thorough laboratory practice. 

Prof. Mayer has occupied the chair of Physics, with Chemistry 
and Astronomy, in several colleges, as follows : University of Mary- 
land, 1856-68 ; "Westminster College, Missouri, 1869-'61 ; Pennsyl- 
vania College, Gettysburg, 1866-'67 ; Lehigh University, Bethlehem, 
Pennsylvania, 1867-70; and the Stevens Institute of Technology 
since 1871. In 1863-'64 he studied physics, mathematics, and physi- 
ology, in the University of Paris. 

Prof. Mayer's first contribution to science was made in 1855, and 
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described in a paper in the American Journal of Science and Arts, 
entitled "A New Apparatus for the Determination of Carbonic 
Acid," which was republished in Germany. His second paper was 
on the estimation of weights of very small portions of matter, in 
^rhich he showed that, by the deflections of fine glass fibres, we can 
^weigh a particle of matter as small as the ^hr ^^ ^ milligramme. 
While at the Lehigh University, he designed and superintended the 
erection of an astronomical observatory, put together and adjusted 
the instruments, and made a series of observations on the planet 
Jupiter, which were republished in England. He was in charge of 
the party sent by the United States Government to observe the 
eclipse of the sun at Burlington, Iowa, August 7, 1869, and took 
forty-one perfect photographs of the eclipse with exposures lasting 
only the j^j^oi a second. 

While at the Lehigh University, Prof. Mayer contributed to the 
American Journal of Science and Arts and the Journal of the Franklin 
Institute various original contributions on the " Solar Protuberances," 
" Spectral Analysis of the Stars," " Physical Constitution of the Sun," 
"Electro-Magnetism," "Electric Conductivities," "On the Alleged 
Electro - Tonic State," "Magnetic Declination in Connection with 
the Aurora," "Photographing the Magnetic Spectra ; " and at the 
Salem meeting of the American Association he read an instructive 
paper " On the Thermo-Dynamics of Waterfalls." He had taken the 
temperatures of the water at Trenton and Niagara before it leaps the 
cataract and after it strikes below. According to theory, when the 
falling motion is arrested, it is converted into heat, and should be 
shown in a rising temperature below. The observations indicated 
that the effects of evaporation and contact of the divided water with 
the air were greater than the impact in changing the temperature 
of the fallen water, so that it may be actually colder below than 
above. But on days when the air is saturated with moisture, and the 
temperatures of the water and air are about the same, results were 
obtained which show that the warming of the falling water conforms 
to Joule's law of the conversion of motion into heat. 

Since entering upon his duties at the Stevens Institute of Tech- 
nology, notwithstanding the labor of lecturing and teaching which 
the position involves. Prof. Mayer has conducted elaborate investi- 
gations in various branches of physics, which have given to science 
many new and important results. Among these may be mentioned 
researches in magnetism, heat, and especially " On the Effects of 
Magnetization in changing the Dimensions of Iron and Steel Bars," 
and " On the Isothermals of the Solar Disk." We cannot here give 
the particulars of these interesting inquiries, but must refer the reader 
to the memoirs in the scientific journals. 

The line of investigation, however, to which Pro£ Mayer has 
mainly devoted himself within the last few years is that of acoustics 
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in its various physical connections, and especially in relation to the 
theory of masic. These researches are described in papers contained 
in the American Journal of Science andArts^ and several of his impor- 
tant conclusions have been incorporated in the English edition of 
Uehnholtz's '^ Sensations of Tone as a Physiological Basis for a The- 
ory of Music." Mr. Alexander J. Ellis, F. R. S. (the translator of 
the above work), has also recently published a lecture which he deliv- 
ered before the London Musical Association, on the application of 
Prof. Mayer's discoveries to the elucidation of the fundamental prin- 
ciples of musical harmony. 

The chief claims of Pro£ Mayer in regard to his recent acousti- 
cal results may be concisely summed up as follows : 

1. He discovered that, by using the phenomena of sympathetic 
vibration, one can show that the translation of a vibrating body 
causes it to give sonorous waves, differing in length from those pro- 
duced by the same vibrating body when stationary. 

2. He first succeeded in actually detecting the different phases of 
vibration in the air surrounding a sounding body, and thereby meas^ 
ured the lengths of its waves ; and first experimentally explored in 
the free air the exact form of any wave-surface ; lind he has deter- 
mined the forms of these envelopes around a sounding body with 
as much facility as one can obtain the form of the surface of a pal- 
pable body in the dark. 

3. He devised a simple and accurate method of measuring the 
wave-lengths of sound in air and in gases, and was the first to meas- 
ure with precision the relative intensities of sounds by means of 
manometric. flames. 

4. He first approximately determined the mechanical equivalent 
of an atrial sonorous vibration. 

5. He obtained in an experiment all the conditions required in 
" Fourier's theorem," and thus first gave an exact experimental con- 
firmation of it. 

6. He has devised and used Jive new methods of sonorous analy- 
sis for the decomposition of a compound sound into its elementary 
simple tones. He also first, by means of a rotating disk, reproduced 
the vibratory motions of a molecule of air, when it is animated with 
the resultant action of the six elementary vibrations forming a musi- 
cal note. 

7. He first discovered, by delicate experiment, that the fibrils of 
the antennsB of the male mosquito vibrate sympathetically to notes 
which have the range of pitch of the sounds given out by the female 
mosquito. He also showed first how an insect may determine the 
direction of sounds by means of his antennae. 

8. He discovered that the terminal auditory nerve-fibrils vibrate 
half as often in a given time as the membrane of the tympanum and 
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the ossicles of the ear, and proposed on these facts a new hypothesis 
of the mode of audition. 

9. He first discovered the law connecting the pitch of a sound 
with the time that the sensation of the sound endures after the air 
has ceased to vibrate the tympanic membrane. This law rendered 
the qualitative results of Helmholtz quantitative ; and in the third 
edition of Helmholtz's " Tonempfindungen " Mr. Alexander J. Ellis, 
as noted above, has extensively used this law as the only basis for 
reaching exact quantitative results in the fundamental phenomena 
of musical harmony. This law Pro£ Mayer has applied extensively 
to the elucidation of the fundamental facts of harmony, and to 
the explanation of many obscure phenomena in the physiology of 
hearing. 

10. He discovered that sonorous sensations interfere with one 
another, and that, although a low sound may entirely obliterate the 
sensation of a sound higher in pitch, yet a sound cannot in the slight- 
est obliterate the sensation of another sound lower than it in pitch. 
He has made applications of these discoveries in showing that a radi- 
cal change is required in the usual method of conducting orchestral 
music, and in a new method of determining the relative intensities of 
sounds. 

11. He has determined with great precision the laws of the vibra- 
tions of tuning-forks, especially in the direction of the bearing of these 
laws on the action of chronoscopes used in determining the velocities 
of projectiles. He first accurately gave the correction to be applied 
in all such determination on account of the different temperatures of 
the forks. 

Besides these difficult and delicate original investigations. Prof. 
Mayer has contributed numerous articles to Appletons' and Johnson's 
" Cyclopaedias '* in his more especial lines of inquiry, and has written 
much for various popular publications. He was one of the editors 
of the American Journal of Science and Arta^ but reluctantly gave 
up its duties in 1873 on account of weakness of sight. He then 
suspended work, and went to England for a vacation, where he was 
cordially received and kindly entertained by his brethren of the 
various scientific societies. 
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COBBESPONDENCE. 



FIGHT BETWEEN A TBOUT AND A WA- 

TEB-8NAKE. 
To ike Edttwr <3f1h^ Popular SeUnee MowOOy, 
I ■ AVING read in your July number Mr. 
■i * Buckland^B account of a fight between 
a scorpion and a mouse, I am induced to 
give you an account of a remarkable con- 
flict between a large water-^nake and a trout, 
witnessed by myself and one of my brother 
officers in the survey in 1867, on the Pu- 
rissima, a small trout-stream which empties 
into the ocean about twenty-four miles south 
of San Francisco. We had been fishing on 
the stream, and came to a high bank which 
overlooked a transparent pool of water 
about ten feet in diameter and four feet in 
depth. This pool was fringed with willows, 
and had on one side a small gravel-bank. 
The trout at first sight was lyiug in mid- 
water, heading up-stream. It was, as after- 
ward ascertained, fully nine inches in length, 
a very desirable prize for an angler. While 
studying how to cast our flies to secure him, 
a novel fisherman appeared, and so quick 
were his actions that we suspended our 
own to witness them. This new enemy of 
the trout was a large water-snake of the 
common variety, striped black and yellow. 
He swam up the pool on the surface until 
over the trout, when he made a dive, and by 
a dexterous movement seized the trout in 
such a fashion that the jaws of the snake 
closed its mouth. The fight then com- 
menced. The trout had the use of its tail 



and fins, and could drag the snake fiom the 
surface ; when near the bottom, howerer, 
the snake made use of its tail by winding 
it around every stone or root that it could 
reach. After securing this tail-hold it could 
drag the trout toward the bank, but, on let- 
ting go, the trout would have a new advan- 
tage. This battle was continued for full 
twenty minutes, when the snake managed to 
get its tail out of the. water and clasped 
around the root of one of the willows men- 
tioned as overhanging the pool. The battle 
was then up, for the snake gradually put coil 
after coil around the root, with each one drag- 
ging the fish toward the land. When half 
its body was coiled it unloosed the first hold 
and stretched the end of its tail out in every 
direction, and, finding another root, made 
fast, and now using both dragged the trout 
out on the gravel-bank. It now had it under 
control, and, uncoiling, the snake dragged 
the fish fully ten feet up on the bank, and 
I suppose would have gorged him. We 
killed the snake, and replaced the trout in 
the water, as we thought that he deserved 
liberty. He was apparently unhurt, and in 
a few moments darted ofS, That the water- 
snake of our California brooks will prey upon 
the young of trout and also smaller and less 
active fishes, I have noticed, but never have 
seen an attack on a fish so large or one more 
hptly contested. Yours respectfully, 
A. W. Chase, 
AuUtant U, 8, Coatt Burvejf, 
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THE NEW YOBK AQWABIUM. 

THE devotees of rational amusement, 
the lovers of natural historj, and 
the friends of soientifio education, in 
this city, are to be congratulated on the 
establishment of the aquarium which 
was recently completed and opened to 
visitors. Undoubtedly the devotees of 
rational amusement are not so nu- 



merous as they might be, but they will 
increase in numbers As increasing fa- 
cilities are afforded for combining agree- 
able recreation with instructive obser- 
vation in the acquisition of pleasant 
knowledge without much trouble. As 
a means of increasing the general taste 
in natural history, and affording stu- 
dents the opportunity of familiarizing 
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themselves with forms of life hitherto 
inaccessible and known chiefly in books, 
the aquariom is inyalnable, and will be 
a great help in promoting the work of 
science. The moseom shows ns dead 
specimens, staffed, dried, and yarionslj 
preserved, and is of coarse not withoat 
interest. Bat the aqoariam opens to 
ns the living, moving cariosities and 
wonders that are nowbere else to be 
seen. What the menagerie is to the 
creatures of the forest, the desert, and 
the prairie, tbe aqnariam is to the 
tenants of tbe lake, the river, and the 
ocean. Bat, while land-animals have 
long been captured and collected for 
inspection, the aqnariam is a new and 
recent affair, involving great diflScalties 
in its snccessfal management. These 
difficulties can only be overcome at large 
expense, by persevering experience, and 
through special and thorough knowl- 
edge of the conditions of life of an im- 
mense variety of aquatic creatures. The 
opportunity such an establishment opens 
to the scientific observer, investigator, 
and experimenter, should be highly 
prized, and we have no doubt it will 
be weU appreciated by this class of 
students. 

In an educational point of view, or 
as a means of popular instruction, a well- 
stocked aquarium cannot fail to be of 
the highest value. Natural history is a 
growing subject in our schools, but is 
so generally pursued merely from text- 
books which give no real knowledge, 
that a great available museum of living 
objects is precisely what is wanted to 
give reality and efficiency to this branch 
of study. The New York Aquarium 
shonld be brought into very close rela- 
tions with the common-school system 
of the city. We are glad to observe 
that this element of its usefulness has 
not been overlooked in the plan and 
management of the enterprise. Pro- 
visions for study, instruction, and sys- 
tematic observation have been incor- 
porated with it, and this feature has 
been held so important as to be placed 



in special charge of a cultivated natu- 
ralist. Mr. W. S. Ward, who has been 
abroad this season and visited the chief 
aquariums of Europe, with a view of 
acquiring information that will be valu- 
able to the scientific management, will 
devote himself to the educational ser- 
vice of the institution. 

It is a noteworthy fact that we are 
indebted for the New York Aquarium 
entirely to private enterprise. There 
was talk that the city would establish 
something of the kind in the Central 
Park ; but it came to nothing, and, after 
the municipal fizzle over the fossil resto- 
rations undertaken by Mr. Waterhouse 
Hawkins, we may conclude that it was 
perhaps best that the city did not un- 
dertake this work. Bat what it was 
unable or disinclined to do has been 
projected and carried out by the per- 
severing enterprise of Mr. W. G. Coup, 
who has devoted his energy to its or- 
ganization, and risked his money upon 
his chance of success. The aquarium 
is an honor to this metropolis and 
promises a large benefit to the public, 
and it should be liberally patronized 
and well sustained. We have no doubt 
it will meet from all classes with tbe 
encouragement it certainly deserves. 



A CASE nr MENTAL PHTSIOLOOY, 

An account comes to us of an enter- 
prising Englishwoman .who was equal to 
the following exploits in sharp prac- 
tice : '' By a series of the most extraor- 
dinary misrepresentations and cleverly 
carried out impostures, she raised large 
sums of money on no security whatev- 
er, and spent them as recklessly; im- 
posed on jewelers so that they trusted 
her with goods worth many hundreds 
of pounds; furnished' grand houses en- 
tirely at the expense of trusting uphol- 
sterers ; introduced herself by sheer im- 
pudence to one great nobleman after 
another, and then introduced her dupes, 
who, on the faith of those distinguished 
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social connections, at once disgorged 
more money. To one person she was 
a great literary character; to another, 
of royal descent; to another she had 
immense expectations; to another, she 
was a stem religionist." 

This woman must have heen as 
smart as she was nnscmpolous. Her 
capacity of imposture was as marked 
as the deficiency of moral sense ; she 
was as shrewd and long-headed as she 
was knavish. The art of her condnct, 
the consummate calculation, and the 
skillful adaptation of means to ends in 
dealing with others, implicate the whole 
intellectual sphere of action which was 
at the same time exempt from the con- 
trol of conscience. Yet the force of mor- 
al considerations was implied through- 
out as she had to deal with people who 
were influenced hy them, and to give 
good reasons for her various claims and 
representations. It was a sufiiciently 
obvious case of cool criminal depravity, 
and most people. would have little diffi- 
culty in deciding what was to be done 
about it. But current theories of con- 
duct stop with mental effecU. Mind 
being regarded as having a sphere of 
its own, and the mental world being 
held as an independent world, where all 
that goes on is purely psychical, there 
is no interest or requirement to look 
beyond the open manifestations of mind 
to their causes in another sphere. If 
we should say that this woman had 
something more than a mind, some- 
thing more than an immaterial respon- 
sible soul, that we must look deeper 
than the mental manifestations dis- 
played in conduct, that she had a brain 
made up of cells, fibres, tissues, and 
circulating blood, subject to the laws 
of nutrition, waste, and repair, debil- 
ity, degeneration, and disease, and that 
aU these things must be taken into 
account as controlling conditions of 
mental effects, we should be met imme- 
diately by the cry of materialUm 1 And 
if we should furthermore say that these 
three or four pounds of nervous matter 



must come into consideration before so- 
ciety can proceed to decide upon such 
a case, a cry of denunciation would be 
raised against a destructive materialism 
that threatens to subvert the (Hrder of 
society. 

Nevertheless, the question of mind 
in this case was an organic problem of 
the brain, as the further facts will show. 
This woman had lived a quiet but hon- 
est and uneventful life up to the time 
that she suddenly stmck out into her 
sensational career. A year of lying, 
cheating, and scheming practices ended 
in the development of marked insanity 
and brain-disease, when she was taken 
to the Boyal Edinburgh Asylum for the 
Insane, where she soon died. The vic- 
tims of her cunning and mendacity 
were simply the dupes of a lunatic, and 
the question of her character and ac- 
countability resolves itself into, a prob- 
lem of brain-derangement^ of. morbid 
material conditions, and is therefore a 
question of practical materialism which 
the physician cannot escape. 



sroLunoir Aim the copebihoajj 

THEORY, 

It is significant that nearly all' 
the divines who have spoken, in reply 
to Prof. Huxley, commit themselves to 
some form of the doctrine of Evolu- 
tion. While, however, they admit that 
there is %iyiM truth in it, there is a 
common protest against the idea that 
it contains VMUih, truth — ^not by any 
means so much as is claimed by Prof. 
Huxley. He said that the evidence for 
it is demonstrative, and that it is as 
well based in its proofs as the Coper- 
nican theory of astronomy. This is 
thought to be quite absurd. It is said 
that Huxley may know a great deal 
about animals and fossils, but that ob* 
viously he knows very littie about logic 
His facts being admitted, a great deal 
of effort has been expended to show 
that he does not understand how to 
reason from them. 
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The Rev. Dr. William M. Taylor, in 
a letter to the Tribune^ takes up Prof. 
Huxley on this gronnd, and is qnite 
shooked at his logical incapacity. The 
following is a sample passage from his 
commanication, and a very f dr exam- 
ple, besides, of the sort of comment 
which his lectures have elicited : 

^' Indeed, to affirm, as he did, that evo- 
lution stands exactly on the same basis as 
the Oopemican theory of the motions of the 
heavenly bodies, is an assertion so astound- 
ing that we can only * stand by and admire * 
the marvelous effrontery with which it was 
made. That theory rests on facts, presently 
occurring before our eyes, and treated in 
the manner of mathematical precision. It 
is not an inference made by somebody from 
a record of facts, existing in far-off and pre- 
historic, possibly also prehuman ages. It 
is verified every day by occurrences which 
happen according to its laws. But where 
do we see evolution going on to-day? If 
evolution rests upon a basis as sure as as- 
tronomy, why do we not see one species 
passing into another now, even as we see 
the motions of the planets through the 
heavens? . . • We know that astronomy is 
true, because we are verifying its conclu- 
sions every day of our lives on land and on 
sea. We set our clocks according to its con* 
elusions, and navigate our ships in accord- 
ance with its predictions, but where have 
we anything approaching even inflnitesi- 
mally to this, with evolution ? '* 

The author of this passage is said to 
be a man of eminence and ability. That 
may be, but he certainly has not won 
his distinction either in the fields of 
logic, astronomy, or biology. When a 
man nndertakes to state the evidence 
of a theory, and gives us proofs that 
equally sustain an opposite theory, we 
natirally conclude that he does not 
know what he is talking about. This 
is very much Dr. Taylor's predicament. 
In trying to contrast the evidence for 
evolution with the demonstrative proofs 
of tlie Oopemican theory, he cites facts 
that are not only as good, but far bet- 
ter, to prove the truth of its antagonist, 
the Ptolemaic theory. 

Dr. Taylor talks as if the Oopemi- 
can theory is something that anybody 



can see by looking up into the sky, but 
the case is far from being so simple. 
The Oopemican theory of the planetary 
motions assumes that they take place 
around the sun as their centre ; the 
Ptolemaic theory taught that the earth 
is the stationary centre of the system, 
and that the sun, moon, and planets, 
revolve around it. We must not forget 
that the Ptolemaic theory was the fun- 
damental conception of astronomy, and 
guided its scientific development for 
two thousand years. It was based on 
extensive, prolonged, and accurate ob- 
servations ; was elucidated and con- 
firmed by mathematics — ^geometry, and 
trigonometry ; and was verified by con- 
firming the power of astronomic pre- 
vision. The planetary motions were 
traced and resolved on this theory with 
great skill and correctness, elaborate 
tables being constraoted which repre- 
sented their Irregularities and inequali- 
ties, so that their future positions could 
be foretold, and conjunctions, opposi- 
tions, and eclipses, predicted. It em- 
bodied a great amount of exact knowl- 
edge, and was capable of taking in 
and preserving all the new results of 
the labors of a long series of Greek, 
Latin, Arabian, and modem Eurc^ean 
astronomers. Dr. Whewell says of it : 
" In this sense, therefore, the Hippar- 
chian theory was a real and indestructi- 
ble tmth, which was not rejected, and 
replaced by different traths, but was 
adopted and inc(N*porated into every 
succeeding astronomical theory, and 
which can never cease to be one of the 
most important and fundamental parts 
of our astronomical knowledge." 

Oopemicus, then, did not abolish 
but rather revised the old astronomy. 
He accepted the whole system of eccen- 
trics and epicycles, and, so far as plan- 
etary motions are concerned, he simply 
recentred the solar system. He ^owed 
that the evidence in favor of that view 
preponderated, and his theory wad a ; 
victory of refined, remote, and indirect 
investigation. 
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Dr. Tajlor tells ns that the Coperni- 
can theory "rests on facts presently 
occurring before our eyes." 80 does 
the Ptolemaic theory; and not only 
that, but, if the test is what occurs be- 
fore our eyes, then the Ptolemaio theo- 
ry is a thousand times stronger than the 
Copernican. If the Copemican theory 
is so obvious, if it " rests on facts pres- 
ently occurring before our eyes," why 
did the astronomers of twenty cen- 
turies fail to discern it? Why could 
not the divines of Oopemicus^s time 
see it when it was pointed out to them? 
And why could not Lord Bacon admit 
it a hundred years after Oopemicus ? 
Dr. Taylor says, " It is verified every day 
by occurrences that happen according 
to its laws." So was its opposite, the 
Ptolemaic theory. Our reverend logi- 
cian says, furthermore: " We know that 
astronomy is true, because we are veri- 
fying its conclusions every day of our 
lives, on land and on sea. We set our 
clocks according to its conclusions, and 
navigate our ships in accordance with 
its predictions." And all this they did 
with the astronomy that preceded Oo- 
pemicus. Yet the author of this rub- 
bish airs his logical pretensions, and 
talks about the "effrontery" of Prof! 
Huxley. Where is his shame ? 

The Oopernican theory is held as 
demonstrably true, but it is not because 
everybody can see the demonstration. 
There was demonstrated truth in the 
opposite theory, though the proof was 
not so complete. And in regard to this 
fnatter of demonstration, of which so 
much is said, we have to remember that 
evidence is a thing of degrees. There 
may be evidence for a proposition 
which is so small that we hardly regard 
its truth as possible — ^we do not believe 
it. There is agrade of proof that amounts 
to probability, but leaves us in uncer- 
tainty. There are higher degrees of 
proof that confer assured belief, and 
leave little room for doubt. There is, 
again, evidence so perfect and decisive 
as to give certainty of conviction, and 



this we call demonstration. And evi- 
dence may have a yet higher shade of 
intensity, as where we cannot even con- 
ceive tbe opposite of a proposition to be 
true, and this may be characterized by 
the frequent expression, " absolute dem- 
onstration." The best examples of 
demonstration are furnished by mathe- 
matics in consequence of the fewness 
and simplicity of mathematical ideas, 
but demonstration by no means neces- 
sarily involves mathematics. There is 
plenty of demonstrated truth that is 
not mathematical. The anatomist de- 
monstrates his science by observation, 
and the chemist by experiment. Fos- 
sils found in the rocks demonstrate that 
life existed upon the globe before the 
rocks were formed; and the vestiges 
of art found in Western mounds de- 
monstrate that a race of men superior 
to the savages formerly lived upon this 
continent. A theory is said to be de- 
monstrated when it brings all the known 
facts into agreement, explains them, 
excludes all other interpretations, and 
is consistent with itself and all that is 
understood of the ways of Kature. 
Most theories of the operations of Na- 
ture have about them traces of the 
imperfection that belongs to all things 
human, difficulties that are still unre- 
solved, while yet the evidence for them 
may be so overwhelming as to be held 
demonstrative. 

How is it, now, with the proof of 
the theory of Evolution, which as- 
sumes that the immense diversity of 
living forms now scattered over the 
earth has arisen through a long process 
of gradual unfolding and derivation, 
within the order of Nature, and by 
the operation of natural laws ? It in- 
volves and is built upon a series of 
demonstrated truths. It is a fact ac- 
cordant with all observation, and to 
which there never has been known a 
solitary exception, that the succession 
of generations of living things upon 
earth is by reproduction and genetic 
connection in the regular order of Na- 
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ture. The stream of generations flows 
on bj this process, which is as much a 
part of the settled, continaoos economy 
of the world as the steady action of 
gravity or heat. It is demonstrated that 
living forms ,are liable to variations 
which accumulate through inheritance ; 
that the ratio of multiplication in the 
living world is out of all proportion to 
the means of subsistenee, so that only 
comparatively few germs mature, while 
myriads are destroyed; that, in the 
struggles of life, the fittest to the con- 
ditions survive, and those least adapted 
perish. It is a demonstrated fact that 
life has existed on the globe during 
periods of time so vast as to be incal- 
culable ; that there has been an order 
in its succession by which the lowest 
appeared first, and the highest have 
come last, while the intermediate forms 
disclose a rising gradation. It is a de- 
monstrated truth of Nature that matter 
is indestructible, and that therefore all 
the material changes and transforma- 
tions of the world consist in using over 
and over the same stock of materials, 
new forms being perpetually derived 
from old ones; and it is a fact now 
also held to be established, that force 
obeys the same laws. All these great 
truths harmonize with each other ; they 
agree with all we know of the constitu- 
tion of Kature; and they demonstrate 
evolution as a fact, and go far toward 
opening to us the secondary question 
of its method. 

The reverend writer, whom we have 
quoted, asks, *^ If evolution rests on a 
basis as sure as astronomy, why do we 
not see one species passing into another 
now, even as we see the motions of the 
planets through the heavens f " To this 
foolish question, which has neverthe- 
less been asked a dozen times by cleri- 
cal critics of Huxley, the obvious an- 
swer is, that what requires a very long 
time to produce cannot be seen in a 
very short time. Has the writer ever 
seen the production of a geological for- 
mation ? That he has not seen the evi- 



dences that would have prevented him 
from asking such a question is prob- 
ably because he is not a student of 
Nature, and has not looked for them. 

There has been much complaint 
that Prof. Huxley undertook to put the 
demonstrative evidence of evolution on 
so narrow a basis as the establishment 
of the genealogy of the horse, but this 
rather enhances than detracts from his 
merit as a scientific thiuker. It has 
been well remarked that ^^the genius 
of the discoverer appears in his per- 
ceiving how small a number of facts, 
rightly considered, are sufficient to form 
a foundation for a theory." Kepler 
had to fix but a few points in the path 
of Mars, to demonstrate the ellipticity 
of his orbit, and to subvert the theory 
of circular planetary motions, by which 
the way was paved to the Newtonian 
astronomy. Prof. Huxley could have 
accuiQulated a far more striking dis- 
play of the proofs of evolution for a 
popular audience, but he preferred to 
rest the question on evidence that was 
none the less decisive because it was 
restricted. If the horse has been de- 
rived from preceding forms in the way 
he pointed out, then that is the method 
of Nature — ^unless we deny the unity 
of its order. 

And here is the vital point between 
Prof. Huxley and his antagonists. It 
is a question of the validity of the con- 
ception of the order and uniformity of 
Nature. Prof. Huxley holds to it as a 
first principle, a truth demonstrated by 
all science, and just as fixed in biology 
as in astronomy. His antagonists hold 
that the inflexible order of Nature may 
be asserted perhaps in astronomy, but 
they deny it in biology. They here in- 
voke supernatural intervention. Obvi- 
ously there are but two hypotheses upon 
the subject, that of the genetic derivation 
of existing species, through the opera- 
tion of natural law, and that of creation 
by miraculous interference with the 
course of Nature. If we assume the 
orderly course of Nature, development 
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is inevitable ; it is evolation or nothing. 
If the order of Nature is pnt aside and 
special creation appealed to, we have a 
right to ask on what eyidencef - It 
was long maintained that the universe 
was made in a week, by a quick succes- 
sion of divine fiats. This view is now 
abandoned, and it is maintained, a% a 
new theory f that the millions of species 
which science has proved to have ap- 
peared all along the course of geological 
time were also the products of miracu- 
lous agency. But, as logic has been ap- 
pealed to, we again press the question, 
on what evidence? There is no evi- 
dence. There is not a scintilla of 
proof that can have a feather's weight 
with any scientific mind. We are told 
that each link in the chain of ancestry 
♦ of Prof. Huxley's horse was a special 
creation. But who tells us this, and what 
do they know about it f Genetic deriva- 
tion is in the field as a real and ui^eni- 
able cause ; but what possible ground is 
offered for the alternative supposition ? 
Has anybody ever seen a special crea- 
tion ? Do those who believe in it repre- 
sent to themselves any possibility of how 
it could have occurred? Milton at- 
tempted to form an image of the way 
the thing was done, and says that the 
animals burst up full-formed and per- 
fect like plants out of the ground — 
"the grassy clods now calved." But 
clods can only calve miraculously. 19 a- 
tnre does not bring them into the world 
now by this method, and science certain- 
ly can know nothing of it. So far from 
being possible, so far frbm being prob- 
able, so f^r from being proved, this 
hypothesis of the origin of animal forms 
is simply unthinkable ; it is a violation 
not only of the order of Nature, but of 
the very conditions of thought. From 
this point of view, therefore, the theory 
of evolution differs from the Oopemican 
theory by having no alternative possi- 
bility. The Oopemican theory was but 
the revision and modification of a pre- 
ceding theory which had evidence in its 
favor, and conld be rationally held by 



scientific minds; the evolution theory 
has a force of demonstration derived 
from the fact that the only alternative 
view cannot for a moment be enter- 
tained by any mind that recognizes the 
logical force of scientific evidence ; in 
this respect, therefore, the evidence for 
evolution is even stronger than that for 
the Oopemican theory. 



LITERARY NOTICES. 

The Theort of Sound in its Relation to 
Music. By Fietbo Blaserna, of the 
Royal University of Rome. With nu- 
merous Illustrations. Pp. 187. Price, 
$1.50. International Scientific Series, 

No.xxn. 

KormNO could be more appropriate 
than that the first Italian contribution to 
the ** International 6cieDtific Series*' should 
take up one of the most interesting relations 
of science to art Italy has been long pre- 
eminent as the land of artistic genius, al- 
though her distinction has been chiefly 
won by cultivating the arts that appeal to 
the eye — ^painting, sculpture, and architect- 
ure. Germany leads in the modem deyel- 
opment of musical art, and her great physi- 
cist, Helmholtz, stands first as the elucidator 
of the laws of sound applied to musical sci- 
ence. But the great work of HelmhoHz is 
a sealed book to the people. Prof. Blaser- 
na has been first to take the brilliant re- 
sults of recent acoustical progress and ap- 
ply them to musical art and theory in so 
clear and familiar a manner that common 
readers will follow him with ease and pleas- 
ure. 

The work is addressed both to scientific 
students and to musicians, but it is proper- 
ly a contribution to the science of music. 
It does not at all cover the ground of Prof 
Tyndairs volume on ** Sound," which is 
strictly a text-book of acoustics, but, start- 
ing with so much of acoustical prindples as 
is necessary for his purpose, Prof. Blas^- 
na devotes the work to those scientific 
elucidations of musical art and practice 
which will have the greatest interest to 
those concerned in musical study. We 
cannot better give account of the volume 
than by quoting freely from the admira- 
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ble review of it that has just appeared 
in the London Lancet The writer says: 
*' This work is an attempt to popularize the 
theory of music, and so to combme the the- 
oretical with the practical study of this 
art that instrumentalists may obtain some 
knowledge of those fundamental laws of 
sound on which music is based. With this 
object in view Prof. Blasema commences 
his treatise by explaining the laws of vibra- 
tions of strings and pipes, and shows how 
such vibrations may be measured ; he then 
explains the theory of music in reference 
to the consonant and dissonant intervals, 
pointing out how the various ratios in the 
octave have been introduced, together with 
the nature of the perfect major and mi- 
nor chords, the inversion of which, he ob- 
serves, ^constituted th6 principal resource 
of Palestrina and of the composers of his 
school This leads him to speak of dis- 
sonances, and of the nature of the musi- 
cal scales. An exceedingly interesting W- 
9ume is then given of the history of music 
from the earliest period to the present day. 
In the music of all nations. Prof. Blasema 
remarks, two unfailing characters are found 
— ^rhythmic movement and procedure by 
determinate intervals. The former apper- 
tains to many of the actions of man, but 
the second belongs exclusively to music. 
The instrument of Orpheus, however pow- 
erful its effects may have been in rendering 
inanimate objects ' sequacious of the lyre,* 
was but a poor mstrument, consisting only 
of the following four notes : C, F, G, and 
the octave 0. It is remarkable that this 
scale contains the most important musical 
intervals of declamation, the voice rising a 
fourth in making an interrogation, another 
a fifth higher in emphasizing a word, while 
in ending a story it falls a fifth. In speak- 
ing of Greek music he explafbs the difffep- 
ence between the Pythagorean and the 
modem scale. The ancient Scotch and Chi- 
nese scale, in which an enormous number 
of popular songs are written, consists of a 
succession of fifths, B/, F, C, G, D. 

**The inventor of the modem system 
of musical notation was Guido d^Arezzo, 
and by him and Josquino and Orlando Tas- 
80 polyphonic music underwent great de- 
velopment. Then came the Reformation, 
and church music was greatly simplified to 



enable the whole congregation to join in it * 
An elaborate discussion of the characters 
of the major and minor scales succeeds, 
with an account of the effects of transpo- 
sition. The temperate scale in common 
use is then explained, and its imperfections 
are declared to be so manifest that the au- 
thor expresses a hope it will eventually be 
abolished. It is, in fact, only maintained 
by the piano-forte, which is essentially the 
instrument of the temperate scale, and the 
defects of which have greatly tended to 
obscure pure melody. The quality or timbre 
of musical sounds, both vocal and instm- 
mental, is then referred to, and the methods 
of investigating the vibrations are given, 
as well as the laws of harmonics and 
chords. Finally, Italian and German music 
are compared. The influence of Paris on 
music, though the French have never been 
creators, is defined as insisting on the crea- 
tion of a type of music which should con- 
tain the good points of the German and 
Italian sehools without their exaggeration. 
It has maintained the Italian melody and 
song, but has also adopted the grand choral 
and orchestral movements of Germany.'* 

The Races of Han and their Geographi- 
cal Distribution. By Oscar Peschel. 
Translated from the revised German edi- 
tion. New York: D. Appleton k Co. 
Pp. 528. Price, $2.25. 
The students of ethnology are to be con- 
gratulated on the appearance in English of 
this admirable manual of ethnological and 
ethnographical science, which has for some 
years and in its successive editions been a 
standard in Germany. While the work is 
full and systematic, it is at the same time 
compact and convenient for reading, be- 
ing a happy medium between the bulky 
and formidable treatise, and the deficient 
and unsatisfying compend. Dr. PeschePs 
work has the great merit of bemg up to 
date in the presentation of an extensive 
and rapidly-developing branch of science, 
and of dealing fully with those recent and 
highly-important questions concerning the 
science of man which have come forward 
into such prominence in our own generation. 
The book is exactly what readers of general 
cultivation require to inform themselves 
upon a subject of great moment, and which 
is occupying the close attention of thinkers 
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in all nations ; and it will also be of a special 
yalue to the scientific students of ethnology, 
not only for the breadth and care of its 
discussions, and the immense amount of in- 
formation condensed in its text, but also 
for the copious wealth of its references to 
the literature and authorities of the sub- 
ject. 

No just idea of its broad range of inter- 
esting topics pertaining to the nature, char- 
acters, habits, and diversities of man, can 
be conveyed in a brief notice of the work. 
But, as its materials are derived from the 
most instructive portions of history, from 
the description^ of races furnished by trav- 
elers, from wide geographical observation, 
and from the various sciences which illus- 
trate the constitution of man and his inter- 
course with surrounding Nature, the facts 
brought forward have a very wide diversity 
of interest, so that we cannot dip into the 
volume anywhere without becoming quickly 
absorbed in the question under consideration. 

The book is divided into two parts. In 
the introduction to the first part the author 
devotes himself to the question of man's 
place in creation, of the unity or plurality 
of the human race, of the place of its origin 
and the problem of its antiquity ; then fol- 
lows a series of disquisitions on the physi- 
cal characters and the linguistic characters 
of man, and the industrial, social, and re- 
ligious phases of his development. The 
second part is descriptive of the races of 
mankind, which are taken up in their lead- 
ing divisions, and in their geographical dis- 
tribution, and considered with as much de- 
tail as the limits of the work will allow. The 
book, of course, has nothing like the com- 
prehensiveness or strictness of method and 
classification that characterizes Mr. Spencer^s 
great work, " Descriptive Sociology ; " nor 
has it the depth and completeness of analysis 
of social phenomena that mark the " Prin- 
ciples of Sociology" by the same author; 
but, as a rhumS of the subject in a single 
handy volume, we have probably nothing 
so good in the language. 

Report op the Geological Survey of Ohio. 
Published by authority of the Legisla- 
ture of Ohio. 4 vols. Columbus : Nev- 
ins & Myers, State Printers. 

The first geological information obtained 
concerning the State of Ohio was derived 



from a report made by a committee which 
took its observations in the summer of 
1886. Geology was then a science in a 
preliminary stage of development, and the 
application of the existing knowledge was 
impeded by ignorance of the general out- 
lines of the country. Paleontology was in 
much greater obscurity, and it is natural 
that the report of that period should seem 
imperfect at the present time. 

In March, 1869, the Legislature passed 
a bill authorizing a complete survey of the 
State by a committee of competent men. 
In addition to a minute geological investi- 
gation, they were to make a careful chemi- 
cal analysis, including a classification of 
the various soils, and the best means for 
promoting their utility ; and were to take 
observations to determine the local causes 
producing variations of climate, etc. 

The officers appointed were Prof. J. S. 
Newberry, chief geologist ; Edward Orton 
and E. B. Andrews, assistant geologists ; T. 
G. Wormley, chemist ; F.*B. Meek, paleon- 
tologist, besides a number of local assist- 
ants. They entered upon theu* work June 
1, 1869, and finished it June 1, 1874, at a 
cost 0/ $256,000, includmg the publication 
of four volumes of reports. For rapidity 
of action, thoroughness of results, and 
moderation in the expense, this survey con- 
trasts most favorably with those made in 
other States. Thus far there have been 
published two volumes on geology and two 
on paleontology, with maps of some of the 
counties. In the volumes on paleontology 
there are a large number of plates and il- 
lustrations, which are admirable specimens 
of careful work and beauty. Ohio is rich in 
fossil remains, having contributed largely 
to the cabinets of other States, and this is 
the first occasion on which they have been 
presented to •the public. The plan of the 
corps was to publish six volumes, two on 
geology, two on paleontology, one on eco- 
nomic geology, and one on zoology, botany, 
and agriculture. The last two volumes 
have not yet been published, though the 
work of composition is far advanced. 

Surveys had been made previous to this 
one in many of the other States, which 
presented discrepancies that had given rise 
to much bitter discussion. It was, there- 
fore, of importance that Ohio should be 
thoroughly explored, as it formed the key- 
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stone in the arch reaching from the Alle- 
ghanies to the Mississippi, and offered the 
probable means of solving the perplexing 
difficulties. 

According to Prof. Newberry, " the to- 
pographical features may be described as 
those of a plain slightly raised along a line 
traversing it from northeast to southwest, 
and worn in the lapse of time by the drain- 
ing streams into broad valleys, which im- 
part a pleasing variety to the surface, af- 
ford free and healthful drainage, and yet 
leave unimpaired all the productiveness of 
its original monotony ; in fact, exhibiting 
perhaps the most perfect adaptation to the 
wants of man which any surface affected 
by such climatic influences can present.'* 
The climate is one of extremes. The soil 
over much more than half the State is of 
foreign origin, being transported by Drift 
agencies frequently from a great distance. 
The physical substructure is not simple like 
the surface, but is diversified in different 
places, both as to the number, character, 
and thickness of the strata, and the position 
which they occupy relative to each other 
and to the horizon. The coal-measures 
underlie the surface of the southeastern 
third of the State, there being an aggregate 
of about 12,000 square miles over which 
the coal is unequally distributed. All the 
coals are classed as bituminous, and are 
divided into dry or furnace coals, coking- 
coals, and cannel-coals, by far the greater 
portion being of the coking variety. It is 
proposed to discuss the distribution, quali- 
ties, and uses of the coals in the volume on 
economic geology. 

Manual of the Vertebrates of the North- 
ern United States, including the Dis- 
trict east of the Mississippi River and 
north of North Carolina and Tennessee, 
exclusive of Marine Species. By David 
Starr Jordan, M. S., M. D., Professor of 
Natural History in N. W. C. University, 
and in Indiana State Medical College. 
Chicago: Jansen, McClurg & Co. 12mo, 
pp. 342. Price, $2.00. 

The object of this work is to facilitate 
the classification of vertebrate animals by 
means of artificial keys, such as have 
been used in the study of botany. It has 
been prepared for the use of collectors and 
students who are not specialists, and has 
been compressed within the narrowest lim- 



its in order to render it as cheap a hand- 
book as possible. There are descriptions 
of 817 species, representing 116 families. 
It is the only work containing arranged de- 
scriptions of the reptiles and fresh-water 
fishes of this country. 

The Centennial Situation of Woman. A 
Commencement Address at Mount Hol- 
yoke Seminary, by Hon. Alexander 
Bullock. Charles Hamilton, Worces- 
ter, Massachusetts. Pp. 45. 

Governor Bullock made an eloquent 
speech to the South Hadley ladies, but 
whether he was quite equal to the occasion 
may be a question depending upon the view 
taken of the duties of such an opportunity. 
Some may think that, in reviewing a hundred 
years of progress in public or social affairs, 
it is most suitable to take .note of what has 
been gained ; to dwell upon the triumphs, 
the causes of congratulation, and give in- 
dulgence to the more complacent feelings. 
Others may regard it as the most fitting 
time to be on our guard against this ever- 
besetting tendency, the time to survey close- 
ly and criticaUy the position that has been 
reached, to sift current claims, to look sharp- 
ly after mistakes, and utilize an impressive 
occasion to forecast the best course of action 
for the future. Governor Bullock took the 
most agreeable alternative, and discoursed 
pleasantly, and with commendable gallantry, 
of what woman has done to improve her 
condition in various ways, and what civiliza- 
tion has accomplished for her in further- 
ance of the same end. He points out the 
progress that woman has made toward the 
independence of self-dependence through 
the opening to her of modem industries ; 
sketches the changes that have taken place 
in the recognition of her civil rights ; and 
dwells upon the great advance that has 
been made in the work of female elevation, 
and in opening to woman a wide opportuni- 
ty in the vocation o^ teaching. He touches 
lightly the vexed question of the intellect- 
ual equality of the sexes, saymg it has been 
settled that there is no question at all 
about it, and deftly quotes a woman — Mrs. 
Jameson — as expressing the opinion that 
*^ the intellect of woman bears the same rela- 
tion to that of man as her physical organi- 
zation; it is inferior in power and differ- 
ent in kind. In men the intellectual facul- 
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ties exist more self- poised and self-di- 
rected, more independent of the rest of the 
character, than we find them in women, 
with whom talent, however predominant, 
is in much greater degree modified by the 
sympathies and by moral causes." The 
Governor evades the question of sufiOrage 
for woman, but is adverse to her participa- 
tion in public afiairs. He cites Franklin as 
saying that *' women should not meddle 
with party politics, except in the endeav- 
or to reconcile their husbands, brothers, 
and friends, who happen to be of contrary 
sides ; " and he reminds the listenmg la- 
dies of the pleasantry of Addison, who re- 
marked : " There is nothing so bad for the 
face as party zeal. It gives an ill-natured 
cast to the eye, and a disagreeable sourness 
to the look ; besides that, it makes the lines 
too strong, and flushes them more than 
brandy.'* 

The Kinematics op Machinery: Outlines 
of a Theory of Machines. By F. Reu- 
LEAUX, Member of the Royal Trade 
Commission. Translated and edited by 
Alexander B. W. Kennedy, C. E., Pro- 
fessor of Civil and Mechanical Engi- 
neering in University College, London. 
With numerous Illustrations. London : 
MacmiUan&Co. Pp.622. Price, $V. 50. 

The number of inventions during re- 
cent years has been so great that it is 
almost impossible to classify the diflferent 
machines, or to observe any regular sys- 
tem connectiug them. This country pos- 
sesses no systematized instruction or ex- 
tended literature in regard to machin- 
ery, and, although it has been peculiarly 
rich in inventions, the results would un- 
doubtedly have been more satisfactory if 
they had been effected according to an ar- 
ranged method. In this book the theoreti- 
cal part of machinery alone is treated. The 
author attempts to give a thorough under- 
standing of its essential nature, by which 
problems previously unsolvable may be made 
clear, and by which greater practical results 
may be reached. In his own words, his 
purpose is "to determine the conditions- 
which are common to all machines in order 
to decide what it is, among its great variety 
of forms, that essentially constitutes a ma- 
chine. . . . The book is intended, not so 
much to add to the positive knowledge of 



the mechanician, as to increase his under- 
standing of what he already knows, so that 
it may become more * thoroughly his o?m 
property.'" In the old books, each ma- 
chine was taken up as a whole, and treated 
by itself. But, as it was discovered that 
similar parts occur in different machines, 
the method continually grew more simple. 
Prof. Reuleaux endeavors to place the sci- 
ence in a position in which it may become 
deductive, and in which the study may de- 
pend upon a few fundamental truths. With 
him, motion is but a change of position, 
and the changes are conditioned simply by 
the geometric form of the moving bodies. 

In this volume fluids also take their 
place as forming a part of machinery, and 
instances are given in what forms engineers 
may use them to the greatest advantage. 
The work, which was written in German, 
has been published in Italian, and is now 
being translated into French. 

The Ethics of Benedict de Spinoza. From 
the Latin, with an Introductory Sketch 
of his Life and Writings. New York : 
Van Nostrand. Pp. SYS. Price, $8.00. 

This volume has a peculiar interest in 
being the first American translation of the 
" Ethics " offered to the public. As it has 
been preceded by only one English transla- 
tion, the book will supply a want in this 
country, and meet the demand of those who 
desire to obtain a clear idea of Spinoza's 
philosophy. The object which Spinoza had, 
in developing his system, was to discover 
certain rules by which he might govern his 
own actions. To accomplish this, he be- 
gins with a number of definitions and axioms 
from which his principles are evolved in 
regular geometrical order. The work is 
divided into five parts. In the first part is 
set forth his conception of God — an ab- 
solutely Infinite Being or substance, without 
beginning or end, and caiisa stii, , Nothing 
can be thought of outside of God, and 
everything which exists does so through 
God. In the second part are treated the 
origin and nature of the human mind and 
souL In the third, fourth, and fifth parts, 
an investigation is made of the passions, 
their causes and efiects, their force and the 
manner in which they should be governed. 
The end arrived at is, that the pleasures of 
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sense and intellect should balance each 
other, and in this manner the greatest hap- 
piness be secured. Thus, by a different 
process of reasoning, he arrives at a result 
similar to that reached by the Christian re- 
ligion. Whatever may be thought of this 
as a religious or logical system, yet, taken as 
a whole, it is a work of the purest morality. 
The " Ethics " is the product of the reason- 
ing powers and not of the imagination. Its 
general style and literary character are at 
great variance with the smooth disquisitions 
of modem times, but, if these mechanical 
eflfects are overlooked, the thoughtful read- 
er will find the truths as new and striking 
as when they were first written. 

In the preface is given an outline of the 
author's life, with the effect produced by 
his. writings. The translation has been 
fiiade with care and skill, and differs from 
the English translation in being somewhat 
more concise, while it is at the same time 
equally clear. 

COMPABATIVE ZOOLOOY, STRUCTURAL AND 

Systematic. For Use in Schools and 
Colleges. By James Orton, A. M., Pro- 
fessor of Natural History in Vassar Col- 
lege; Corresponding Member, of the 
Academy of Natural Sciences, Philadel- 
phia, and of the Lyceum of Natural 
History, New York ; author of " The 
Andes and the Amazon,'* etc. New 
York : Harper & Brothers, ISVe. Price, 
$3.00. 

This volume, as we are informed by 
the author in the preface, is ^* designed 
solely as a manual for instruction, and to 
present clearly, and in a somewhat new 
form, the established facts and principles 
of zoology." It is claimed for it " that the 
selection and arrangement of essential 
principles and typical illustrations are from 
the standpoint of the teacher. . . . and 
that a distinctive character of the work 
consists in treating of the whole animal 
kingdom as a unit, and in the comparative 
study of the development and variation of 
organs and functions from the simplest to 
the most complex state." 

The work is divided into two parts, the 
first of which treats of structure, the sec- 
ond of systematic zoology, the plan of the 
author being to withhold from students 
the study of the classification of animals 
until " they have mastered those structural 



af&nities upon which true classification is 
founded." 

In both divisions of the work the syn- 
thetic method is employed, as being the 
most natural one, a study of simple struct- 
ures and forms being first introduced. 

The plan of the work is comprehensive, 
and claims to represent the latest phases 
of the science of zoology. Comparative 
zoology is defined as ** the comparison of 
the anatomy and physiology of all animals 
existing and extinct, to discover the funda- 
mental likeness underneath the superficial 
differences, and to trace the adaptation of 
organs to the habits and spheres of life." 

The style is usually clear and attrac- 
tive, and the book may be read with in- 
terest and profit by others than teachers 
and students. But we notice some passages 
which are obscure from brevity, others 
from inadvertence; and there are several 
maccuracies, all of which it will be found 
more easy to correct in a second edition 
than it was to avoid in the first. 

One feature of the work will neither be 
overlooked nor excused by naturalists. Of 
about 350 illustrations, a very large num- 
ber, probably 800, are old, and have done 
service several times before. If some of 
these cuts are excellent and appropriate, 
others could have been omitted without 
detriment, while new ones illustrating 
American types are needed. 

The value of the work is enhanced by 
copious notes, 220 in number, at the close 
of the volume. 

What Young People should know. The 
Reproductive Function in Man and the 
Lower Animals. By Burt G. Wilder. 
With Twenty-six Illustrations. Boston : 
Estes & Lauriat. Pp. 212. Price, 
$1.60. 

Prof. Wilder, being convinced that 
there are greater evils caused by ignorance 
of the legitimate and illegitunate uses of 
the reproductive organs than by the per- 
version of any other human propensity, has 
written this book to dispel the ignorance. 
If there were real knowledge upon such 
subjects, he thinks there would be no ex- 
ercise of the imagination in regard to them. 
Few will agree with him in this idea, how- 
ever excellent his work may be as a physio- 
logical treatise for the young in this special 
branch. 
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Pbactical Botany, Structural and Sys- 
tematic, ETC. By August Koehler, 
M. D., Professor of Botany in the College 
of Pharmacy of the City of New York. 
Copiously illustrated. New York: Hen- 
ry Holt & Co. 12mo, pp. 400. Price, 
$3.00. 

Thk author, believing that *Hhe study 
of botany cannot become truly profitable 
until a number of pknts have been identi- 
fied by the student, and their images re- 
ceived into his memory,'' has constructed 
a book which is an artificial key to ** stimu- 
late the unlearned," and act as a labor-saver 
to those already somewhat acquainted with 
the science. It departs from the ordinary 
system of classification, in being arranged 
accordmg to the old dichotomal method. 
The natural tendency of this might, perhaps, 
be to suggest names rather than the asso- 
ciation of principles. Those, however, who 
are desirous of rapid action, and speedy re- 
sults, will find here a book for then* pur- 
pose in a neat and convenient form. 

Theory of B£edical Science : The Doctrine 
of an Inherent Power in Medicine a 
Fallacy. The Ultimate Special Proper- 
ties of Vitality and the Laws of Vital 
' Force constitute the Fundamental Basis 
of Medical Philosophy and Science. By 
William R. Dunham, M. D. Boston : 
James Campbell. Pp. 160. Price, $1.25. 

The title-page speaks for itself, and in- 
dicates the theory on which this book was 
written. The work was published with the 
hope that it might recover the "funda- 
mental principles involved in a correct the- 
ory of medical science," assist the profes- 
sion in the details of practice, and enable 
the non-professional to distinguish between 
quackery and rational practice. The au- 
thor finds fault with the medical profession 
because it continues to follow the ancient 
interpretations of the science, but seems 
unwilling himself to adopt the results of 
those who are doing most for the further- 
ance of correct principles in regard to 
mind and body. 

California Notes. By Charles B. Tur- 
RiLL. San Francisco: Bosqui & Co. 
Price, $1.60. 

The " Notes " is a description or guide 
through diflferent sections of California, in 
which the author conducts his readers to 
the places visited by him. Among the 



subjects represented in the book are, " San 
Francisco," " Into the Heart of the Foot- 
Hills," " Calaveras County," " Gold-Mines/' 
" The Yosemlte Valley," et^. This volume 
is the initial number of a series. 

Elements of Physical Manipulation. By 
Edward C. Pickering, Thayer Profess- 
or of Physics in the Massachusetts 
Institute of Technology. Part II., 
pp. 816. Price, both parts, $4.00. 

This second volume, like the first, is 
designed as a special text-book for the lab- 
oratory. The text is made up principally 
of experiments, giving a description of the 
instruments to be used, and a plan of what 
is to be done. Among the subjects dis- 
cussed are "Electricity," "Meteorology," 
and "Astronomy." The latter is a new 
feature in laboratory practice, but there is 
no reason why it should not be taught 
practically, as well as chemistry or physics. 



PUBLICATIONS BECEIVED. 

The Religion of Evolution. By M. J. 
Savage. Pp. 263. Boston: Lockwood, 
Brooks & Co. Price, $1.60. 

The Symbolical Language of Art and 
Mythology. By R. P. Knight. Pp. 267. 
New York : J. W. Bouton. Price, $3.00. 

Essays on Mind, Matter, Forces, etc. 
By Charles E. Townsend. Pp. 404. New 
York: Somerby. 

Chemia Coarctata. By A. H. Eollmyer. 
Pp. 111. Philadelphia: Lindsay & Bk- 
kiston. Price, $2.26. 

Matter and Force. By J. K. Macomber. 
Pp. 100. Ames, Iowa: Agricultural Col- 
lege print. 

Ancient Pagan and Modern Christian 
Symbolism. By Thomas Inman, M. D. Pp. 
18V. New York : Bouton. Price, $8.00. 

Elementary Hand-book of Applied Me- 
chanics. By W. Rossi ter. Pp. 160. New 
York : Putnams. Price, 76 cents. 

Elementary Hand-book of Theoretical 
Mechanics. Pp. 146. Same author and 
publisher. Price, 76 cents. 

Geological Survey of Indiana (1876). 
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By E. T. Cox. Pp. 600. Indianapolii 
Sentinel print. 

Public Libraries in the United States. 
Part L, pp. 1222 ; Part II., pp. 89. Wash- 
ington : Government Printing-Office. 

Essays in Literary Criticism. By R. H. 
Button. Pp. 844. Philadelphia: J. H. 
Coates. Price, $1.60. 

Vaccination as a Preventive of Small- 
pox. By W. C. Chapman, M. D. Pp. 91. 
Toledo, Ohio : Brown & Faunce. 

German and American Brewen^ Journal, 
Semi-moutlily. $6.00 per year. Brewers' 
Publishing Company, 20 Park Place, New 
York. 

On Cephalization. By James D. Dana. 
Part v., pp. V. Prom Am^can Journal of 
Science and Arts. 

Report of the Condition of the Academy 
of Natural Sciences of Philadelphia. By 
W. S. W. Russhenberger. Pp. 66. Phila- 
delphia : Collins print. 

Essential Piety of Modern Science: a 
Sermon. By J. W. Chadwick. Pp. 81. 
New York : Somerby. 

Surface Drainage of the Metropolitan 
(Boston) District. By C. W. Folsom, C. E. 
Pp. 4. From Report of Massachusetts 
Board of Health. 

A List of Orthoptera. By Dr. Cyrus 
Thomas. Pp. 20. From Proc. D. A. N. S., 
vol. i. 

American lAhrary Journal, Monthly. 
Pp. 27. $5.00 per year. New York : Ley- 
poldt. 



MISCELLANY. 

Dlstribntioii of Plain, Prairie, and For- 
est* — ^In the American Naturalist for Octo- 
ber, Prof. J. D. Whitney gives a very elab- 
orate critique of the various hypotheses 
which have been put forth to account for 
the distribution of plain, prairie, and forest, 
over the North American Continent. The 
author has no theory of his own to offer, 
but he appears to show conclusively that 
none of the accepted theories can be re- 
garded as satisfactory. One of the theories 
examined by Prof. Whitney is that which 



attributes the existence of forest, prairie, or 
plain, to the distribution of rainfall through- 
out the year, or from season to season. As 
stated by the late J. W. Foster, this theory 
holds that " wherever the moisture is equa- 
ble and abundant, we have the densely- 
clothed forest ; wherever it is unequally dis- 
tributed, we have the grassy plain (prairie) ; 
and where it is mostly withheld, we have 
the inhospitable desert." This last propo- 
sition Prof. Whitney adinits, the other two 
he pronounces erroneous. He cites the 
vicinity of Chicago, where Mr. Foster lived, 
in proof of tl^ incorrectness of that author^s 
views. " Here," says Prof. Whitney, " we 
haye the finest prairie-regions in the world, 
absolutely destitute of trees, and yet in the 
full enjoyment of an abundant precipitation, 
and in the immediate vicinity of an immense 
sheet of water. For Chicago itself, indeed, 
the statistics of rainfall are very defective, 
but, such as they are, they are entirely un- 
favorable to Mr. Foster's hypothesis. Points 
in the immediate vicinity of that city, where 
observations have been taken for a series 
of years, show an average rainfall of thirty- 
six to fifty inches, pretty uniformly distrib- 
uted through the year. An excellent in- 
stance, on the other hand, of a dense growth 
of trees combined with the most unequally- 
distributed rainfall which is possible, is 
furnished by the western slope of the Sierra 
Nevada, in California, whose magnificent 
forests are well known, as also is the fact 
that there is no precipitation there at all 
for six months of the year, nearly the 
whole of the rainfall being limited to three 
months. And, lest it may be thought that 
melting snow keeps the ground moist during 
the sunmier, it may be added that the heavi- 
est forest-belt of the Sierra is quite below 
the line above which snow rests for any 
considerable time, and that the soil in that 
belt is usually perfectly dry at the surface, 
and even dusty, for six months of the year, 
and often much more." 

Electrieal Phenomena exhibited by Te- 
nns's Fly-Trap« — The electrical phenom- 
ena exhibited by Diona^i muscipula have 
been investigated by Dr. Burdon-Sander^ 
son, who finds that normally the whole leaf 
with the petiole is somewhat negative, but, 
when excited by a stimulus, an electrical 
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change takes place throughout, making 
every part more negative. The greatest 
change is on the external surface of the 
leaf, immediately opposite to the three sen- 
sitive hairs. There is no relation between 
the preexisting currents and the electrical 
disturbance consequent on stimulation. The 
period of latent stimulation (i. e., the space 
of time occupied by the primary action of 
the stimulus) is about one-sixth of a sec- 
ond. The period during which the disturb- 
ance lasts is about one second. As the 
leaf becomes fatigued, the period of latency 
increases to one second and yiree-quarters, 
and then most likely the next stimulation 
produces no effect. The change appears to 
be a function of the protoplasm of the paren- 
chyma of the region out of which the sensi- 
tive hairs arise. Certain of the characters 
of the change are similar to those presented 
by muscle and nerve. Why the variation 
should be a negative one, Dr. Sanderson is 
unable to determine. 

New Shells from Colorado. — In the 

extensive and remarkable display of nat- 
ural-history objects brought to the Centen- 
nial Exhibition by Mrs. M. H. Maxwell, of 
Boulder, Colorado, was a box of land and 
fresh-water shells. These have been ex- 
amined by Mr. Ernest Ingersoll, who made 
careful studies of the Rocky Mountain mol- 
lusks in connection with the United States 
(Geological Survey in 18V4, and summarized 
his results in an article printed in this 
magazine for May, 1876. Boulder is at the 
mouth of Boulder Canon, several miles 
northeast of Denver, at an altitude of about 
5,630 feet above the sea, and on the east- 
ern slope of the main range, where hereto- 
fore no shells had been found. The list 
includes Zonites arboreuSy Z. ftdviu, Patula 
Cooperi (living, and very dark and fine), P. 
airiatella, Helix pylchdla, CioneUa mhcylin- 

dricOy Vertigo ? (very minute), Suc- 

cinea lineata^ 8, Huttalliana^ Limnea paltta- 
triSy L. deaidiosay L. humiliSy Physa heiero- 
stropha, Flanorhis bicarinatuSj P. lumeiiSy 
ffelisoma plexata, Gyranlua parvtis^ Ancy- 

lu8 ?, Ckmiabasia livescens^ G, puichellay 

SpJicerium airiaiinumy Piddium abdituniy 
and an anodon hardly identifiable. 

The collection is remarkable, as coming 
from the eastern slope of the range, and 



embracing some unexpected species from 
east and west. As usual, the Phystu are 
Protean in form, and one can make half a 
dozen ** species " out of them, if disposed. 
Some of them are well-marked " Infiata.^^ 
Both the planorbs are reported for the first 
time from Colorado. P. bicarinatus is a 
well-known Eastern shell ; P. tvmena has 
hitherto been supposed to be confined to 
Northern Mexico and Southern California. 
The Helisoma is a new form, discovered by 
Mr. Ingersoll in an isolated mountain-lake 
in the southern part of the State, and Mrs. 
Maxwell finds it at Boulder in a similar sit- 
uation. Both the Mdaniant and the Spha- 
rium are additions to the fauna of the 
State, and the Anodonta will probably 
prove to be undescribed. Mrs. Maxwell 
proposes to search still more carefully when 
she returns, and further information on the 
geographical distribution of our mollusks 
in the mountainous territories may be ex- 
pected from various other quarters where 
research has been stimulated by the curious 
results already brought out. Colorado seems 
to be a meeting-ground for mollusks from 
all directions, and is a promising field for 
the collector and student 

Blarey's Experiments on the iction of 
the Heart* — ^Experiments made by Marey 
show that a diminution of excitability and 
a rise of temperature in the muscular tissue 
of the heart invariably coincide with the 
cardiac systole, while the opposite phe- 
nomena are manifested during diastole. 
The same author has recently attempted to 
ascertain whether any corresponding varia- 
tions of the cardiac muscle could be made 
out. The galvanometer, owing to the mer- 
tia of its needle, is unsuitable for the obser- 
vation of sudden changes in the intensity 
of currents. Hence, in Marey's experi- 
ments, Lippmann's electrometer was em- 
ployed. The heart of a frog was placed on 
two unpolarizable electrodes, one support- 
ing the apex of the ventricle, while the 
auricles rested on the other. Two succes- 
sive negative variations of the current were 
indicated by the electrometer during each 
cardiac systole ; one of these was sudden, 
and corresponded with the abrupt contrac- 
tion of the auricles ; the other was more 
gradual, and coincided with the slower 
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movement of the ventricle. The phases of 
electrical variation are thus seen to be simi- 
lar to those of the work done by the mus- 
cle. 

College Exploring Expeditions. — We 

learn from the Trifmne that the present 
Senior Class of Princeton College has or- 
ganized a scientific exploring expedition to 
the West. An association has been formed 
to train men in scientific studies, and fit 
them as far as possible for the work to be 
done. The plan of the association's work 
is as follows : A knowledge of geology, as 
good as can be obtained, is required of each 
man. Then the work is mapped out into 
subdivisions of natural history and paleon- 
tology, and from these each one selects a 
specialty for himself. The meetings are 
held fortnightly. At these, the association 
geDerally receives an address from some 
scientific member of the facultj^ After 
this, scientific papers are read by the mem- 
bers, in alphabetical order, four each even- 
ing. A question chosen at the previous 
meeting is then discussed. The faculty 
have given a room, have arranged the stud- 
ies to help the association as much as pos- 
sible, and given facilities for special and 
outside work. The' association is forming 
a working collection of fossils and minerals, 
not mtended to be complete, but typical. 
In the mean time the executive committee 
are taking steps to secure government aid 
in the shape of wagons, mules, etc., and to 
get the most favorable possible terms from 
the railroad companies. If, as is hoped, 
the committee is successful in obtaining 
free passes, the expenses will probably not 
exceed |100 per man. It is not yet fully 
determined what portion of the West will 
be explored — probably, however, the Green 
• River, in Wyoming Territory, and Yellow- 
stone National Park, or else the Wahsatch 
Mountams, will be selected. The member- 
ship is limited to thirty regular and ten al- 
ternate members. Vacancies occurring in 
the regular membership are filled from the 
alternates, who attend all meetings, and 
perform regular duties. 

EncalyptoiS as an Anti-Periodic.— Two 

instances are cited by Dr. Cumow, of Lon- 
don, of the cure of intermittent fever by the 



use of tincture of Eucalyptus globulus. We 
give in full the author's account of one of 
these cases, as sufficiently illustrating the 

action of the drug ; S. S , aged eighteen, a 

Norwegian, was admitted to King's College 
Hospital, May 28, 1876. He had been suf- 
fering from intermittent fever for four or 
five weeks. The attacks were moderately 
severe and of a well-marked tertian type. 
An expectant plan of treatment was pursued 
until June 9th, and during this period the 
paroxysms recurred on alternate days with 
the utmost regularity. They began at 10 
A. M., reached their acme between 1.30 and 
3 p. M., and passed off about 6 p. m. The 
highest temperatures varied from 104.8° to 
106.6°. On June 9th the tincture of the 
Eucalyptus globulus was given in one-drachm 
doses three times daily. The next day, on 
which another attack was due, his tem- 
perature rose to 100°, and on the 12th to 
100.4° ; and after this date no further parox- 
ysm occurred during the remainder of his 
stay in the hospital 

Improfements in Iron-Mtnofactnre.— Dr. 

Andrews, in his inaugural address at the 
Glasgow meeting of the British Association, 
referred to the many improvements recently 
introduced in iron-manufacture. But there 
yet remains, he said, ample work to be 
done. The fuel consumed in the manufact- 
ure of iron, as indeed in every furnace in 
which coal is used, is greatly in excess of 
what theory indicates, and the clouds of 
smoke which darken the atmo^here of 
English manufacturing towns, and even of 
whole districts of country, are a clear indi- 
cation of the waste, but only of a small por- 
tion of the waste, arising from imperfect 
combustion. The depressing effect of this 
atmosphere upon the workmg-population 
can scarcely be overrated. At some future 
day the efforts of science to isolate, by a 
cheap and available process, the oxygen of 
the air for industrial purposes, may be re- 
warded with success. The effect of such 
a discovery would be to reduce the con- 
sumption of fuel to a fraction of its pres- 
ent amount ; and, though the carbonic acid 
would remain, the smoke and carbonic 
oxide would disappear. In the mean tune, 
Dr. Andrews suggests that in many locali- 
ties the waste products of the furnace might 
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be carried t<^a distance by a few horizontal 
flues of large dimensions, terminating in 
lofty chironeys on a hillside or distant plain, 
as is done at the mercury-mines of Idria 
and some other places. With a little care 
in the arrangements, the smoke would be 
wholly deposited in the horizontal flues, 
and would be available for agricultui-al uses. 

The ToBato- Plant as a Prvtecttoa 
against Insects* — ^In a peach-orchard plant- 
ed by M. Siroy, a member of the Valparaiso 
Society of Horticulture, the trees at first 
grew well and strongly. But, ou commen- 
cing to bjid, they were invaded by the cur- 
culio ; and this insect was followed, as fre- 
quently happens, by ants. While the trees 
were thus infested, the idea occurred to H. 
Siroy that by placing leaves around the 
trunks and branches he might ward off the 
rays of the sun, which were very powerM. 
For this purpose he happened to choose 
tomato-leaves. On the following day he 
found the trees entirely free from their ene- 
mies, not one remaining, except here and 
there where a curled leaf prevented the to- 
maib from exercising its influence. These 
leaves he carefully unrolled, placing upon 
them fresh ones from the tomato-vme, with 
the result of banishing the last insect, and 
enabling the trees to grow with luxuriance. 
Wishing to carry the experiment still fur- 
ther, he steeped in water some fresh leaves 
of the tomato, and sprinkled with this in- 
fusion other plants, roses and oranges. In 
two days these were also free from the in- 
numerable insects which covered them. 

The ige of Paleolithic Han.— Pr. R. H. 
Tiddeman contributes to NcUure for Octo- 
ber 5th a paper in which he reaffirms the 
inter-glacial age of paleolithic man and of 
the fauna with which he is associated. The 
position not only of human but of animal 
remains points clearly to the fact of their 
existence subsequent to a deposit of glacial 
drift, but previous to another deposit of 
similar material. The facts may be taken 
as part of the evidence which proves the 
disappearance of a great ice-sheet which 
covered Scotland, England, and portions of 
the Continent, and the return of it after a 
period of temperate climate during which 
man and animals inhabited the region. 



The direct evidences of the inter-glacial 
age of paleolithic man from the actual in- 
fraposition of his bones or implements are 
stated as follows : 

1. Victoria Cave, Settle : a human 
fihvla under glacial till, and associated with 
bones of EUphat asUiquuSy Rhinoceros lep- 
torhinuBy hyena, hippopotamus, etc. 

2. At Wetzikon, Canton Ziirich, a piece 
of lignite containing hathet-'work lying be- 
neath glacial deposits, and associated with 
ElephM afUiquuM and Hhinoeeros lepiorhi- 
Wis. 

8. Near Brandon, Suffolk, implemenU 
with bones not yet determined in brick- 
earth beneath the great chalky bowlder- 
clay of £ast Anglia. 

Dr. Tiddeman says the ^* Settle till is 
undoubtedly of the age of the ice-sheet. 
The Wetzikon lignite lies upon a glacial till 
beneath a river-gravel on which are great 
erratic blocks clearly indicating the pres- 
ence of a great glacier posterior in date to 
the organic remains. The Brandon imple- 
ments are beneath the chalky bowlder- 
clay." 

Ine^ptallty of the Ocean-Bc4*— In opening 
the Geographical Section of the British As- 
sociation at Glasgow, CaptainEvans said that 
it was learned for the first time by the Chal- 
lenger^s results — ably supplemented as they 
had recently been by the action of the 
United States Government in the Pacific, 
and by an admirable series of soundings 
made in the exploratory German ship-of-War 
Gazelle — ^that the unbroken range of ocean 
in the southern hemisphere was much shal- 
lower than the northern seas ; that it had 
no features approaching in character those 
grand abysmal depths of 27,000 and 28,500 
feet found respectively in the North Pacific 
and North Atlantic Oceans, as the greatest 
reliable depths recorded did not exceed 17,- 
000 feet. The general surface of the sea- 
bed presented in general to the eye, when 
graphically rendered on charts by contour 
lines of equal soundings, extensive plateaux 
varied with the gentlest of undulations. 
There was one great feature common to all 
oceans, and which may have some signifi- 
cance in the consideration of ocean circula- 
tion, and as affecting the genesis and trans- 
lation of the great tidal wave and other tidal 
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phenomena, of which thej knew so little — 
namely, that the fringe of the seaboard of 
the great continents and islands, from the 
depth of a few hundred feet below the sea- 
level, was, as a rule, abruptly precipitous 
to depths of 10,000 and 12,000 feet. This 
grand escarpment was typically illustrated 
at the entrance of the British Channel, where 
the distance between a depth of 600 feet 
and 12,000 feet was in places only ten miles. 
Imagination could scarcely realize the stu- 
pendous marginal features of this common 
surface depression. 

Pvification ind DeodorizatloD of Pe- 
trelevm Prodiets.— Mr. S. E. Johnson, of 
Ashby-de-la-^ouch, England, has discovered 
a method of treating petroleimi and other 
mineral oils, by which those useful hydro- 
carbon liquids are not only purified, but 
also deodoijzed ; and that in a simple and 
inexpensive manner. Chloride of lime is 
first introduced into the cask or other re- 
ceptacle containing mineral oil or spirit, in 
the proportion of about three ounces of 
chloride, more or less, to each gallon of the 
liquid, according to the degree of its im- 
purity, and thus chlorine-gas is evolved in 
the oil or spirit If necessary, the evolu- 
tion of the gas may be assisted by pouring 
in hydrochloric acid, agitating the contents 
of the receptacle so as to bring the whole 
of the liquid into intimate contact with the 
chlorine -gas. The oil or spirit is then 
passed into another inclosed vessel contain- 
ing slaked lime, which, having an affinity 
for the chlorine, absorbs the sicime, leaving 
the liquid sufficiently deodorized and puri- 
fied. 

Physiological Effects of Coca.~A cor- 
respondent of the Lancet, a physician, states 
that the use of the tincture of coca, in 
a two-ounce dose, corrected the "unruly 
throbbing *' of his heart, which bad been 
wont to interfere with his accuracy of aim 
in fowling. This writer had previously taken 
the tincture in doses of one-half ounce and 
one ounce without perceptible effect ; but, 
having on th^ third day increased the dose 
to two ounces, his composure was perfect 
at the critical moment " As soon as the 
dogs pointed," he writes, " I expected the 
\i8ual inward commotion, with its usual re- 
sults ; but, to my surprise, nothing of the 



kind happened. * Eureka ! ' I said to myself; 
* the coca has made me a steady shot.' So 
in fact it subsequently proved. Judged by 
the effects described," he contmues, " coca 
would seem to be inhibitory as regards the 
action of the heart. Whether this result is 
produced by indirect action through the 
mental functions upon which the drug is 
said to act remains to be proved." Another 
correspondent of the same journal, not a 
physician, states that while traveling in Bo- 
livia at great altitudes, such as from 13,000 
to 14,000 feet above the sea-level, he ex- 
perienced marked benefit from eating the 
leaves. Nearly all travelers on the Peruvian 
and Bolivian Andes use the drug as a rem- 
edy for that effect on the brain and lungs^^ 
produced by rarefied air, which in South 
America is called zorroche. One use to 
which it is put by the Indians is that of a 
" pick-me-up " after a debauch on alcoholic 
fiuids. In Bolivia it is generally eaten with 
a paste made of wood-ashes and potato. 
The writer propounds the belief that the 
leaf loses its virtue m transmission. This 
is quite possible. It is an undoubted fact 
that the Cannabis Indiea, for instance, loses 
its potency in crossing the sea. It would 
seem desirable that a certain quantity of the 
coca-leaves should if possible be packed in 
an air-tight case. The price of coca at La 
Paz, where the best is procured, was last 
year sixteen dollars per packet of twenty- 
five pounds. 

Tlie Asericaii Forestry Association.— The 

American Forestry Association held its first 
meeting at Philadelphia in September. Ad- 
dresses were delivered by Dr. Franklin B. 
Hough, of Lowville, New York, Mr. McAfee, 
and Mr. Meehan. Dr. Hough gave an ac- 
count of the eflforts made by various Euro- 
pean governments to preserve forests and 
to promote timber-culture, and showed that 
the Constitution of the United States, and 
those of most of the States, give the right to 
interfere for the preservation of our forests. 
Mr. McAfee reported on the condition of 
forest-culture in the West, showing how the 
planting of trees had been going on to an 
immense extent, and that it was found that 
the old notions about the slowness of timber- 
growth had been derived from the hard 
struggle with Nature that wild timber had 
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to make. Cultivated trees had grown so 
much faster than was expected that peo- 
ple had been surprised at the growth, and 
it was now becoming generally known that 
wood came into profit much sooner than 
was thought possible years ago, and forest- 
culture was much more popular in conse- 
quence. In his State at least 80,000 acres 
of timber had been planted during the past 
few years, and the work was still going on. 
He gave figures as to the growth of indi- 
vidual species, chiefly from facts within his 
own observation. Mr. lieehan, from whose 
Gardener^a MoniMy we take this account of 
the meeting, thought that the people, with- 
out government interference, can be safely 
trusted with the care of our forests, and the 
work of reforestation. Individual effort, en- 
couraged by State laws and agricultural and 
horticultural societies, would soon replace 
the decaying forests of our land. 

How the Meaopoma easts its Sklo. — Since 
reading his " Preliminary Note on the Me- 
, nopoma Alleghanieme of Harlan," before 
the American Association, Grote has ob- 
served in the aquarium of the Bufialo So- 
ciety of Natural Sciences the process by 
which the menopoma rids itself of its outer 
skin. This thin and transparent membrane 
is first seen to loosen and separate from the 
entire surface of the body, appearing at 
this stage like an envelope or glove in which 
the animal is contained. By a number of 
wide gapings, during which the mouth 
is opened to the fullest extent, the skin is 
parted about the lips, and then commences 
to fold backward from the head. Convxd- 
sive and undulating movements with the 
body and fore-legs are employed to extract 
these from the loose skin. The skin then 
readily falls backward, as the animal crawls 
forward and out of it, until the hmd-legs 
are reached, when the menopoma turns 
round upon itself, and, taking the skin in its 
mouth, pulls it over the legs and tail The 
operation reminds one of taking off clothes. 
The cast-off skin is retained in the mouth 
and finally swallowed. The operation is 
quickly performed. 

Poisonous CoolLing-Uteiisils.— The dan- 
ger attending the use of porcelain-lined 
cooking-vessels was pointed out at a meeting 



of the British Society of Public Analysts, by 
Mr. Robert R. Tatlock. He stated that the 
milk-white porcelain enamel with which cast- 
iron cooking-vessels are now so commonly 
coated is in the highest degree objection- 
able, on account of the easy action on it of 
acid fruits, common salt, and other sub- 
stances, by means of which lead and even 
arsenic are dissolved out in large quantity 
during the process of cooking. It was 
shown that it is not so much on account of 
the presence of large proportions of lead 
and arsenic that these enamels are danger- 
ous, but because they are so highly basic 
in their character, and are so readily acted 
on by feebly-acid solutions. He thought 
that no enamel should be admitted to use 
unless it was totally unaffected by boiling 
with a one-per-cent solution of citric acid, 
which was a very moderate test. Further, 
he gave it as his opinion that either the use 
of such poisonous ingredients as lead and 
arsenic in krge quantity should be entirely 
discontinued, or that the composition other- 
wise should be of such a character as to 
insure that none of the poisonous sub- 
stances could be dissolved out under ordi- 
nary circumstances. 

Agencies that fomed the Colorado €a- 

Koiis*— The great cafion of the Colorado is 
from 8,000 to 6,000 feet deep, through a 
distance of 200 miles.. All the side-streams 
reach it through profound cafions, and each 
stream has done, and is still doing, its own 
work of erosion. The process by which 
these results are brought about is consid- 
ered by Prof G. R. Gilbert, in the AmerU 
can Journal of Science andArU^ under three 
prmcipal heads : 1. Weathering ; 2. Trans- 
portation; 8. Corrasion. 

By weafhering, the writer means the dis- 
integration of rock by the action of tem- 
perature — ^beating of rain, and changes of 
vegetation. The process, however, would 
be greatly delayed if the loosened material 
was allowed to remain and cover the sur- 
face. Hence transportation becomes a 
powerful agent in erosion, not only by ex- 
posing the disintegratmg surfaces, but by 
mechanical wear in the act of remoyal. 

All rocks are more or less soluble in 
water, and impurities in the water intensify 
solvent action. But it usually happens that 
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rocks disintegrated in this way merely fall 
to pieces, the hard portion remaining in the 
shape of sand or pebbles. The transporta- 
tion of this by streams produces what the 
author calls corrctsion. In this way the bed 
of a stream is widened and deepened, but 
the work is also facilitated by the ceaseless 
action of water in dissolving the rocks. 

The mechanical wear or erosion by a 
stream depends largely on its velocity. " A 
stream of water flowing down its bed ex- 
pends an amount of energy that may be 
measured by the quantity of water and the 
vertical distance through which it de- 
scends.'' 

The velocity of a stream would continu- 
ally increase if none of its energy was con- 
sumed in friction, but very much of it is so 
consumed, and reappears in innumerable 
forms of movement or subsidiary currents. 
It is by some of these that the work of 
transportation and erosion is largely done. 
Bat a stream nay be overloaded with detri- 
tus, and its corrading power correspond- 
ingly diminished. "Only with a partial 
load does a stream wear its bottom." Of 
the Colorado plateau the author says that 
the erosion which began with the first lift- 
ing of a part above the ocean has progressed 
contiDually to the present time. The total 
uplift has been about 12,000 feet; only 
7,000 feet remains, that being the present 
altitude above the level of the sea. Five 
thousand feet of the general surface has 
been removed, and an amount greater by 
several thousand feet has been corraded by 
the rivers. 

ImproTed Ratlway-Signal.— A simple and 
eflfective railroad-signal, in use on the Bos- 
ton, Lowell & Nashua Railroad, is described 
in the Scientific American, A single-cell Cal- 
laud battery is connected to the two rails at 
one end of a given section of the line — say, 
two miles in length — each section being in- 
sulated from adjoining sections. At the 
other end the signal has an electro-magnet 
similarly connected to the two rails. When 
the circuit is closed, as is normally the case, 
the magnet is excited and the signal con- 
trolled thereby so as to show that the Ime 
18 clear. But, when a train runs on the 
section, then a shorter circuit is made by 
the wheels and axles, and the current re- 



turns to the battery by this course, instead 
of passing through the signals. The mag- 
net ceases to attract, and the signal by me- 
chanical means is at once turned, to indi- 
cate danger. It is obvious that this must 
occur as long as a single car remains on the 
track, or when the circuit is broken by a 
displaced or ruptured rail or any other 
cause. Hence the device may be applied 
over an entire line, and will indicate the 
condition of every section to a train about 
to enter on the same. It is found to be 
operative in all weathers. 

Powder-Piper. — ^A substitute for gun- 
powder has been invented in England, called 
"powder-paper," viz., paper impregnated 
with a mixture of potassic chlorate, nitrate, 
prussiate, and chromate, powdered wood- 
charcoal, and a little starch. The powder- 
paper is rolled into the shape of a cartridge 
of any required length or diameter. The 
manufacture involves no danger, it is said ; 
no explosion can take place except by way 
of contact with fire. The powder-paper 
leaves no greasy residue on the inside of the 
gun ; it also produces less smoke, gives a 
less violent recoil, and is less impaired by 
humidity than gunpowder. With equal 
charges, by weight, of gunpowder and pow- 
der-paper, the penetrating power of the lat- 
ter is ^ greater than that of the former. 

October Meteor-Shower. — In a letter to 
the Tribune, dated October 19th, Mr. Dan- 
iel Eirkwood states that shooting-stars in 
unusual abundance were observed by sev- 
eral trustworthy witnesses at Bloomington, 
Indiana, on the evening of the 18th, from six 
hours forty-five minutes to nine hours. The 
meteors appeared to radiate from Auriga, 
or rather from a point between Taurus and 
Auriga. Most of the meteors were small, 
though two of them possessed extraordina- 
ry brilliancy. In a small work on cometa 
and meteors, published three years ago, 
Mr. Kirkwood called attention to the fact 
that meteoric showers had been observed 
at the same period of the year in 1436, 
1439, 1743, and 1798. Returns of the 
shower were observed in 1838 and 1841. 
He recommends that a careful watch be 
kept in future about the same period — say, 
from the 16th to the 20th of October. 
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Do Plants absorb Dlatons t— Prof. John 
Phin, in the American Journal of Mi- 
croBcopy^ criticises the results of Wilson's 
microscopic examination of wheat-straw 
grown on land which had been treated with 
inftisorial earth. The substance of Prof. 
Wilson's paper we gave in the September 
number of the Monthly. Prof. Phin repro- 
duces Wilson's engraved representation of 
the diatom forms said to have been found 
in the remains of the straw after treatmei^t 
with nitric acid, and says : *^ A single glance 
at the engraving is sufficient to convince any 
microscopist that Prof. P. B. Wilson never 
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saw *upon the field of his microscope/ 
under the circumstances .which he has de- 
scribed, the objects which he has delineated. 
. . . Bearing in mind that these organisms, 
28 figured, have been obtained by destroy- 
ing the organic matter with nitric acid, we 
find Bacillaria figured as it exists only in 
the living condition — the frustules being 
joined together in the peculiar way which 
has given to this form the specific name 
paradoxa. For this diatom to have passed 
through a bath of nitric acid, and come out 
in the condition figured, would have been 
almost as great a miracle as the passing 
of Shadrach, Meshach, and Abednego, un- 
scathed through the fiery furnace of Nebu- 
chadnezzar. So, too, we find a calcareotta 
foraminifer figured under the same circum- 
stances. After such instances, the numer- 
ous minor features which are utterly irrec- 
oncilable with facts may be safely passed 
over." 

Another Way of securing the Chest- 
nuts* — The following narrative is taken 
from the Chronique de la SocietS d'AoclimO' 
tion ; we give it for What it is worth : " A 
Frenchman, fifteen years resident in the 
Transvaal Republic, where be has estab- 
lished a number of plantations, recounts to 
us the following fact, which no naturalist 
has as yet reported : The coflfee-plantations 
are much exposed to the ravages of the 
great cynocephalous monkeys. Among the 
coffee-plants there grows a shrub, the scien- 
tific name of which I have not been able to 
ascertain, which has its fruit growing very 
near the trunk. Some wasps, of a kind 



whose sting is very painful, had chosen sev- 
eral of these bushes for attaching to them 
their eggs, and the cynocephali were often 
seen eying the fruit very eagerly, but they 
dared not touch them for fear of the wasps. 
One morning, the planter heard terrible 
cries, and with the aid of a good opera-glass 
was enabled to witness an interesting spec- 
tacle. A fat old monkey, the leader of the 
troop, would take hold, of the young ones, 
and pitch them repeatedly into the middle 
of the bush, despite their cries and groans. 
The shock brought down the wasps' nests, 
and the irate insects attacked the victims ; 
meanwhile the old rogue quietly ate the 
fruit, throwing down the remnants of the 
meal to the females and young ones on the 
ground." 

Taking; Impressions of Plants.— H. Ber- 

tot, of the Paris Academy of Sciences, offers 
a simple method of taking impressions of 
plants. A sheet of paper is first lightly 
oiled on one side, then folded in four, so 
that the oil may filter through the pores, 
and the plant may not come into direct 
contact with the liquid. The plant is placed 
between the leaves of the second folding, 
and in this position pressed (through other 
paper) all over with the hand, so as to make 
a small quantity of oil adhere to its surface. 
Then it is taken out and placed carefully on 
white paper ; another sheet is placed above, 
as two impressions can be taken at once, 
and the plant is pressed as before. On 
now removing it, an invisible image re- 
mains on the paper. Over this you sprin- 
kle powdered black-lead, which causes the 
image to appear. With an assortment of 
colors, the natural colors of plants may be 
reproduced. To obtain fixity, resin is mixed 
with the black-lead in small quantity ; the 
impression is fixed when it is exposed to a 
heat sufficient to melt the resin. 

indent Weapons.— Among the Michigan 
exhibits of ancient stone and copper im- 
plements at the Philadelphia Exposition is 
a weapon fashioned after the model of the 
"patu-patu" of New Zealand. It is de- 
scribed by Dr. C. C. Abbott, in the Ameri- 
can Naturalist, The patu-patu of New 
Zealand is, according to Tylor, quoted by 
Dr. Abbott, " an edged club of bone or 
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Stone," in shape ** like a soda-water bottle 
with the bulb flattened. It^ a very eflfec- 
tive weapon/' he adds, ** in a hand-to-hand 
fight, being so sharp that a man's skull 
may be split at one blow with iV The 
Michigan specunen is 16^ inches long. It 
is 2f- inches wide for 11 inches ; then it ta- 
pers to 1^ inch, but again widens to 2 inch- 
es at the end, thus forming a terminal knob. 
The edges are beautifully wrought, and are 
as sharp now as most of the polished stone 
axes and celts. In the vast collection of 
relics of American aborigines at Philadel- 
phia Dr. Abbott finds no other specimen of 
the form here described, and it is pre- 
sumable that this weapon was one seldom 
fashioned in North America. 



NOTES. 

A MEETING of persons interested in the 
formation of a Metrologlcal Society was 
lately held in Boston, which resulted in the 
organization of the "American Metric Bu- 
reau." Arrangements were made to secure 
a large list of honorary or life members, 
and to solicit subscriptions to supply teach- 
ers with metric apparatus at half-price. 
The assessment for 1876 was fixed at $2.50. 
The list of directors is as follows : Samuel 
W. Mason, J. P. Putnam, Prof. W. F. 
Bradbury, Dr. Edward Wiggles worth, Mel- 
vil Dewey, Prof. William Watson, Dr. H. 
P. Bowditch, S. S. Greene, Nathan Apple- 
ton, and Prof. K. S. Pennell. 

In the Paris School of Mines is a labo- 
ratory, founded in 1845, for analyzing gra- 
tuitously any substances presented. Last 
year 767 analyses were made at this labo- 
ratory, chiefly of nainerals and manures. A 
laboratory for the gratuitous analysis of 
medicines and articles of food would be a 
very useful institution in our American 
cities. 

Cremation of the dead is now fairly 
established in Saxe-Gotha. In a recent sit- 
ting of the town council, it was decided to 
erect the necessary apparatus in the new 
cemetery. Cremation is to take place only 
in accordance with the clearly expressed 
wish of the deceased, and under permit from 
the proper medical oflScer. The ashes are 
to be gathered in urns, to be preserved by 
the family of the deceased, or set up in a 
ball in the cemetery. 

In one of the monthly reports of the 
Department of Agriculture, it is stated that 



in Livingston County, Illinois, the planting 
of trees in groves and shelter-belts, and for 
ornamental purposes, is now very generaL 
The black-walnut is the favorite tree for 
profit and ease of cultivation ; but elm, soft 
maple, willow, cottonwood, European larch, 
and ash, are common, while evergreens are 
popular for ornamental purposes, and occa- 
sionally are planted in groves and shelter- 
belts. 

At the Agricultural Congress in Phila- 
delphia, resolutions were offered by Prof. 
C. V. Riley, and unanimously adopted, in 
favor of government action for tbe sup- 
pression of tbe Rocky Mountains locust- 
plague. In the opinion of the Congress, the 
national Legislature owes it to the people 
of the West to take this 'matter into con- 
sideration, and the United States are called 
upon to follow the example of other nations 
under like circumstances, and appoint a 
special commission for the thorough inves- 
tigation of the subject. 

In a work on the " Voices of Animals," 
by Landois, additional evidence is collected 
of the universality of vocal sounds a'mong 
the lower animals, including tlie Mollusca. 
The author considers it to be indisputable 
that ants possess a vocal speech, by which 
they are enabled to exercise those higher 
mental faculties to which they owe their 
high social organization. 

The University of Michigan had last 
year 101 female students, distributed as fol- 
lows : Medicine, 37 ; law, 2 ; homoeopathy, 
2 ; literature, 60. " The experience of the 
past year," writes the president of the uni- 
versity in his annual report, " confirms the 
opinion we have been led to form by the 
experience of former years, that women 
who come here in good health are able to 
complete our collegiate or professional 
course of study without detriment to their 
health." 

Prop. Maurice Schiff, of Florence, has 
demonstrated that the non-edible mush- 
rooms, "toadstools," contain a common 
poison, muscariney and that its effects are 
counteracted by either atropine or daturine. 
Italian apothecaries now keep these drugs 
in the rural districts, where the consump- 
tion of the non-edible fungi is apt to occur. 
The hint is worthy of attention every- 
where. 

It has been affirmed that not less than 
four per cent, of all the coal-laden vessels 
that have left English ports during the last 
five years, for destinations south of the 
equator, have suffered either total or partial . 
loss by the spontaneous ignition of their 
cargoes. 
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At the recent meeting of the British 
Association, Mr. Gamer stated that he had 
found from measm'emeDts of brain capacity, 
and from casts of the interiors of skulls, 
that the size of the brain in the dog does 
not correspond very closely with the size 
of the animal. No dog has so large a brain 
as the wolf, nor one so small as the jackal. 
The brain of a Newfoundland dog is very 
little larger than that of a terrier. Prof. 
Macalister, of Dublin, gave an account of 
the brain of the celebrated greyhound 
*^ Master Macgrath.^' He had weighed the 
brain of many other dogs, but Master Mac- 
grath's was the heaviest of all, and the con- 
volutions were much more complex. 

In a balloon-voyage from Cherbourg, in 
August, two French aeronauts, Moret and 
Durnof, observed with surprise, at a height 
of 1,'700 metres, that the bottom of the sea 
was visible in detail, though that part of the 
British Channel must have a depth of 60 to 
80 metres. The rocks and submarine cur- 
rents appeared with great distinctness. It is 
suggested that this fact might be utilized, a 
means being afforded of giving accurate 
representations of the bottom for the bene- 
fit of navigators. 

In the Scientific Farmer we find re- 
corded the death of Prof.' Dimond, of the 
New Hampshire Agricultural College. He, 
no doubt, died of overwork. In the Agri- 
cultural College he was Professor of Agri- 
culture, Botany, and Chemistry, farm-super- 
intendent and steward, and at the same 
time was Professor of Botany and Chemistry 
in Dartmouth College. It is stated that 
three men will be appointed to perform 
the duties recently performed by Prof. Di- 
mond. 

During the past year the French Asso- 
ciation for the Advancement of Science 
expended the sum of 7,000 francs in aid of 
scientific research. Of this sum, 6,000 
francs was granted to the astronomer Jans- 
sen, to help defray his expenses as a mem- 
ber of the expedition to observe the transit 
of Venus ; and 2,000 francs to M. Chapelas- 
Coulvier-Gravier, to enable him to continue 
his observations of shooting-stars. 

At one point on the margin of Lake 
Tanganyika (Central Africa), Captain Came- 
ron saw large masses of coal. In the dis- 
trict adjoining Manyuema iron is plenti- 
ful: the people manufacture large quanti- 
ties of iron, and many of the articles they 
fidake are beautifully finished. 

Prop. H. N. Martin will lecture on ani- 
mal physiology, in the John Hopkins Uni- 
versity, Baltimore, on Tuesdays and Fridays 
during the winter. The lectures will be 



accompanied by instruction in the labo- 
ratory. After the spring vacation, Prof 
Martin will deliver a course of lectures on 
general biology, intended for elementary 
students. There will also be organized, 
during the latter part of the session 1876- 
'77, a short course of more advanced lect- 
ures on embryology. 

The formation of nickel-ore near Lan- 
caster, Pennsylvania, is pronounced by the 
American Manufacturer to be the heaviest 
so far discovered in any part of the globe. 
The ore is exceedingly rich, of a grayish 
tint, very heavy, and so hard and closely 
united to the surrounding substances that 
it has to be got out by blasting. As soon 
as the ore is mined, it is crushed into 
small pieces, and then transferred to kilns 
of a capacity of from eighty to ninety tons 
each. It is then subjected to heat obtained 
at first by burning wood, and which is con- 
tinued by the conversion of the evaporating 
fumes. The manipulation is concluded by 
the fused metal being placed in a smelting- 
furnace, and undergoing a process similar 
to that adopted in the treatment of iron- 
ore. 

A Berlin machinist has invented a 
steam-velocipede. The boiler is heated 
by means of a petroleum-lamp, and rests 
on the axle of the hind-wheels. 

The Paris correspondent of the London 
IHmes states that, in digging the new basin 
at St.-Nazaire, animal remains, tools, weap- 
ons, and utensils, have been found in a 
sandy stratum 20 feet below the surface. 
Last year a dolichocephalous skull was 
found near the same spot 

The Registrar-General of Great Britain 
and Ireland, in his quarterly return, states 
that the births of 296,360 children, and the 
deaths of 171,082 persons of both sexes, 
were registered in the United Kingdom in 
the three months endmg June 30, 1876. 
The recorded natural increase of population 
was thus 126,268. The»registered number 
of persons married in the quarter ending 
March 31, 1876, was 117,760. The resident 
population of the United Kingdom in the 
middle of 1876 is estunated at .33,093,439 ; 
that of England and Wales at 24,244,010, 
of Scotland at 8,527,811, and of Ireland at 
6,321,618. 

Dr. Magnus condemns the use of blue 
glasses as a protection for the eyes, and 
prefers the gray and smoky glasses used in 
England. He considers blue glass specially 
irritating to the eye, and says that many 
birds, reptiles, and amphibians, have yellow 
or reddish oil-drops in the eye to neutral- 
ize this blue color and protect the eyes. 
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"E. J. SBiBBrr, 8x9 Broadway: I haye given a full trial to your Voltaic Armadillo in separata 
applications, aiA cheerfully express to you my satisfaction with the personal advantage and benefit which 
1 have received. STEPHEN H. TVNG, St George's Rectory, 909 East x6th Street 

"Nkw Yowl, Novembir 10, 1875/* 

" New York, yufy x^ 1875. 

"Dbak Sib: I used your Voltaic Armadillo Waistband in two cases of Muscular Rhe uma ti sm with 
entite success. I shall, with great pleasure, try it in similar cases in the future. 

"Yours, &c, CHAS. E. HACKLEY. M. D.. 47We«t 3«»t Street 

" We have numerous letters from i>hysicians who have used die Armadillo. The efficacy of these 
Bands and Soles is clearly established in certain forms of Rheumatic Affections, Neuralgia, Weakness of 
the Back and Ahdomen, etc The Pulvermacher Chain, which has received the distinguished approba- 
tion «f Sir Charles Locock and other European scientists, is largely used in England, and, as the Arma- 
dillo performs the same functions and presents the same principle, cnfy in a more convetdtni/arm, 
there is no reaaoo why it should not attain the same celebrity hxxt,**-^hynciaH attd Pkarmscist, No- 
vernier, 1875. 

"... And many physicians of high repute, and some within our own knowledge, testify to the bene- 
ficial use of electro-magnetism by such means as Mr. Seibert has very ingeniously devised, and which we 
d^nk wordiy of attention. •^-sSaiMi^rrai*, May^ 1875. 

The Ajimadiilo is flexible and easily a^hed, and can be worn with safety at any time. ^ 

Ask Druggists, Homoeopathic Pharmacuts,- Surgical-Instrument Makerii or your Physician fer it, or 
It will be sent on receipt of price, by 

sbnd roR pamthlbt. B. J. 8EIBEBT, Proprietor, 819 Broadway, N. 7. 

A New Work lay Dr. BrttUon. 
TRB BBIiZGXOTTS COENTIKENT: Its Sooroe and Aim. AContribationtofheSeteooe 
and Phikwoptay of Beligion. By D. Q. Bbixtov, A. M., M. B. 8?o. $8.6a {ffuti ready, "^ 

ANcwBdUlan<^J)r.Brinton'i''Jfytht<trtheJfewWorld,** 

THB KYTHS OF THB NJSW WOBLD. A TreatUe on the Symbollam and Mytholofj 
of the Red Bace of America. By Danisl Q. BmNTOV, A. M., IL D. 8vo. %%BiO, 

'* . . . Jaatiflet the belief that, in whatever Pr. Brinton may in fhtnre cootribnte to the liteia- 
tare of Comparatlye Mythology, be will continue to reflect credit npon himself and bit conntry.** 
'-yarth AmcHean BcvUw. 

*' . . . We cannot do otherwlae than accord high praise to the author for diligent research, dis- 
eriminating critieiBm, good sense, and, we may add, a lat^ eharity.**»iiratf0fk 

Prof. A. S. PAOKABIX Jx.% LIFE HI8TOBIES OF ANIKAI.8, USTOIAJDUSQ 

MAN : Ob, OUTUNiLS OF COMPARATIVB EMBR i OLOGY. A Concise and Popnlar 

Account of the mode of Orowth of Animals, from ICovad to Max. Oopionslj illustrated. 

8vo. $SLBO. 

''An ample work of reference for adyanoed students.**— TWdviM. 

** It occopiee worthily an important place absolutely unfilled to tide time.**— COkan^r WxhohbUi. 

FBBEMAN*8 HISTO&IOAI. OOT7BSB. Vol. YI. BISTORT OF THB UNITED 
STAT£S. By J. A DoYLB. With Maps by F. A. Walxxb, Professor of History and Po- 
litical Economy in Yale CoUege; author of the ''SUtUtical Atlaa of the United States.** 
ISmo. $1.40. 
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CUBsions. 6 vols. $1S.60. 

Bepresentative Govern- 
ment. $8.60. 

Examination of Hamil- 
ton's Philosophy. 8 vols. $6. 
Liberty; The Subjection of 
Women. In 1 vnL $8.60. 

Comte*s PositiTe Philo- 
sophy. tlOSO. 
Stbauss^s Old Faith and New. 

$8.00. 
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$8.00. 
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History of the Norman Conquest of England : 

ITS CAUSES AND ITS RESULTS. 
By EDWAED A. FEEEMAU, M. A., Hon. D. 0. L 

Revised American Edition. 
Volume v., concluding the work. 8vo. Cloth, gilt top, $4. Volumes I. to V., $20, 

**The early hiRtorr of England is the early btstory of the American people— of their reUgion, 
tbeir language, and their laws."— 3^eur York Times. 



The History of Napoleon the First. 

By p. LANFEET. 

TVandated with the sanction of the Author, 
Volume III. 8vo. Cloth, |3.60. Volumes I. and II. recently published, price |8.60 eadk. 



BBYCE.— THE HOLY ROMAN EM- 
PIRE. By James Bryce, D. C. L. 
Fifth edition, revised an4 enlarged. 
Crown 8vo. Cloth, t^. 

BTUBBS.— THE CONSTITUTIONAL 
HISTORY OF ENGLAND, in its On- 
gin and Development By William 
Stubbs, M. A., Regius Professor of 
Modem History. Volumes I. and IL 
Crow^n 8vo. Each, $4.60. 

**The greatest mnoament of English histor- 
ical scholarship.''— Edward A. Frebmam. 

**Tlie mo!»t important contribntiou to the 
knowledge of Bnglieh history which has ap- 
peared for years.**— The Nation^ 



OTTE. — SCANDINAVIAN HISTORY. 
By E C. Ott6. With Maps. 12mo. 
12.60. 

EITCHIN.— A HISTORY o» FRANCE 
down to the Year 1468. By G. W. 
Eitchin, M. A. Crown 8vo. Cloth, 
with Maps, $6. 

BANEE.— A HISTORY OF BNG- 

LAND, pri]icipally..in the Seventeenth 

Century. By Leopold von Ranlce. 6 

vols. 8vo. Cloth,. $24. 

** Take the present work for all in all, it is 

the best hidtory uf England written by on« 

mskjiy— Edinburgh JBeview, 
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THE AMERICAIf MTPEALIST: 

A Popular Illustrated Monthly Magazine of JVatu- 
ral History and Travel. 



ANNOUNCEMENT FOR 1877. 

This journal of popular Natural Science will continue to be published by Messrs. H. 
0. Houghton & Co., Riverside Press, Cambridge, Mass., under the editorial management 
of Dr. A. S. Packard, Jr., with the assistance of eminent men of science. 

Since January, 1876, the amount of matter given in each number has been increase! 
over former volumes. The typographical dress and illustrations which have heretofore 
given character to this magazine have been improved, and it is of a thoroughly popular 
nature, so as to interest the general reader as well aa the young naturalist. It will coi.- 
tmue to be a journal of science-education and for the use of science-teachers. 



ITS FEATURES FOR 1877. 

In 1876 the latter half of the magazine was entirely remodeled, and a department of 
OEOGRAPHT AND TRAVEL added. The Department of BOTANY will be 
edited as formerly by Prof. G, L. Goodale, of Harvard University. That of MIORO- 
SOOPY will be edited as heretofore by Dr. R. H. Ward, Troy, New York. Arrange- 
ments have been made to report the PROCEEDINGS OF SCIENTIFIC SO- 
CIETIES with great promptness. A digest of the CONTENTS OF FOREIGN 
SCIENTIFIC JOURNALS AND TRANSACTIONS will also be given each 
month, together with the LATEST HOME AND FOREIGN SCIENTIFIC 
NEWS. 

The attention of publishers and teachers is called to critical notices of scientific 
books, to which especial attention will be given. 



ARTICLES FOR VOL. XI., 1877, 

By Professors Asa Gray, J. D. Whitney, N. S. Shaler, W. G. Farlow, G. L. Goodale, of 
Harvard University; Professors 0. 0. Marsh, A. E. Verrill, of Yale College; Mr. A. Agas- 
siz, Hon. Lewis H. Morgan, Colonel Theodore Lyman, Mr. L. F. Pourtales, Mr. S. H. Scud- 
dep. Professors E. D. Cope, F. V. Hayden, A. Hyatt; Drs. Elliott Cones, W. H. Dall, C. C. 
Abbott, Rev. S. Lockwood, J. A. Allen, H. Gilhnan, C. C. Parry, R. E. C. Steams, 0. T. 
Mason, and other leading naturalists, are either in hand or promised. Notes from abroad 
will occasionally be contributed by Mr. Alfred W. Bennett, the distinguished English 
botanist. 

Note, — ^The ten volumes which have been published form an elegantly printed and 
illustrated Library of American Natural History, invaluable for school, college, and public 
libraries. They contain standard articles by Agassiz, Dana, Wyman, Gray, Whitney, 
Leidyy Cope, Hunt, Dawson, Newberry, Marsh, Verrill, Morse, Gill, Coues, Scudder, 
Hagen, Dall, Shaler, Brewer, Ridgjway, Parry, Oaton, Abbott, Farlow, Lockwood, Grote, 
Ward, and many other scientists. 

Terms : 35 cents a number ; $4.00 a year, postage free. Bound volumes, |5.00 ; vols. 
I-X., $40.00 ; unbound, $30.00. Back numbers supplied. 

Remittances by mail should be sent by a money-order, draft on New Tork or BoRton, 
or registered letter, to H. 0. Houghton & Co., Riverside Press, Cambridge, Mass. 

H. 0. HOUGHTON & COMPANY, comer Beacon qnd Somerset Sts,, Boston. 

HURD & HOUGHTON, 18 Astor Place, New Y<yrk. 

THE RIVERSIDE PRESS, Cambric[''e. 
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D. APPLETON & CO., 

549 & 551 BROADWAY, NEW YORK, 

ffoM jutt publuhed: 

THE OLD CURIOSITY SHOP. 

Sy CHAHJLES DICKENS. 
Eouiehold Edition. Illustrated. - - Paper, |1.00 ; cloth, $1.50. 

Volumea already publitiked : 
GREAT EXPECTATIONS. 

OLIVER TWIST. 

TALE OF TWO CITIES. 
Gloth, $1.26 ; paper, 75 cents. 

MARTIN CHUZZLEWIT. 

BLEAK HOUSE. 

DAVID COPPERFIELD. 

LITTLE DORRIT. 
PICKWICK PAPERS. 

BARNABY RUDGE. 

OUR MUTUAL FRIEND. 

NICHOLAS NICKLEBY. 
Cloth, $1.75 ; paper, $1.25. 
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Five Senses of laE. 



JULIUS BEKN'STEIJf, 

0. 0. Professor of Physiology In the UniTersity 
of HsUe. 



WITH NINETY-ONE WOODCUTS. 



12mo. Cloth. Pi1m» $1.75. 
D. APPLEIOll k €0., PikUshcn, 

549 ^ 55Z Broadway^ Niw York, 



BEST HOLIDAY-GIFT 
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WlUeox & Gibbs S. M. Co.^ 

(Cor. Bond St) 658 Broadway, New Todb 
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TEE INTEBNATIONAL SCIENTIFIC SEBIE3. 



JUST PUBLISHED: 



FERMENTATION. 

By P. SCHUTZENBEBGER, 

DIRECTOR AT THE CHEMICAL LABORATORY AT THE SORBONNE. 

With Twenty-eiffht Illustrations. Cloth. .... Price, $1.60. 

D. APPLETON k CO., Publishers, 649 k 661 Broadway, N. Y. 

NEW NOVELS FOR SUMMER READING. 



THE THREE BRIDES. 
By C. M. YONGE, author of " The Heir of Redclyffe." i vol., i2mo. Cloth. Price, 

$1.7^. 

"This novel bids fair to equal the reputation which was attained by *Thc Heir of RedclyflTe' 
and ' Heartsease,' which have been read and wept over by many thousands of readers." 

THE LAND OF THE SKY; 
Or, ADVENTURES IN MOUNTAIN BY-WAYS. By Christian Reid, author 
of " A Question of Honor," etc. I vol., paper covers, illustrated, 75 cents ; 
cloth, $1.25. 

The "Land of die Sky" is part story and part adventure; it relates the vicissitudes and ex- 
periences, humorous and otherwise, of a number of travelers in a summer jaunt amid the mountain^ 
of North Carolina. There is some good character-sketching, not a few amusing incidents, the thread 
of a love-story, and some capital descriptive passages. 

THE FORTUNES OF MISS FOLLEN. 
By Mrs. Goodwin-Talcott, author of «* Madge," "Sherbrooke," etc I vol., i2mo. 
Cloth, $1.50. 

In the " Fortunes of Miss Follen " there are presented delightful views of the beautiful and pict- 
uresque in German country life and manners. Interwoven with these is a serial story of pure and 
devoted love, as manifested in the noblest characters. Written with fine taste by an accomplished 
pen, it forms a charming work that will interest and satisfy all readers. 

COMIN' THRO' THE RYE. 
One vol., 8vo. Paper covers, 75 cents. 

"A very amusing and well-written story.. The history of the youth of the Adairs is extremely 
amusing, and told in a bright and witty manner. . . . One of the pleasantest novels of the season. 
^■^Moming Post 

A CHEAP EDITION' OF A POPULAR NOVEL. 
BRESSANT. 
A NOVEL. By Julian Hawthorne, i voL, 8vo. Paper, 75 cents. 

** ' Bressant' is a.work that demonstrates the fitness of its author to bear the name of Hawthorne. 
^ More in praise need not be said ; but, if the promise of the book shall riot utterly fade aiid vanish, 
Julian Hawthorne, in tlie maturity of his power, will rank side by side with him who has hitherto 
been peerless, but whom we must hereafter call the ' Elder Hawthorne.' " — New York Times, 

GEIER-^A^ALLY. 
A TALE OF THE TYROL. By Wilhelmina von Hillern. Handy Volume 
Edition. 8vo. Paper covers, 50 cents ; cloth, red edges, $1.25. 

Aueriiiach, the great German novelist, in a recent letter to a lady in this country, pronounces this 
work "the best short story in modem German literature," 

THE LITTLE JOANNA. 
A NOVEL. By Kamba Thorpe, i vol., 8vo. Paper covers, 60 cents. 

" Little Joanna ' 
a great deal of excellent c 

era as follows :'* Allow n , ^ .^_^ 

—and that it is the best story of Southern life as it now is with which I am acquainted." 

D. APPLETON ft CO., Publishers, 549 and 551 Broadway, New Tork. 
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" THE CHOICESr LITERATURE OF THE DAY."-^««' York TrUnmc; 

TDE MOST EMINCNT IXFIiro AimORS, such 
as JProf. Max Muller, Prof. Tyndall, lit. Bon. \yf* E. 
C}la«liiton«,II>r. IV. B. Carpenter, Prof. Baxley.Blchard 
A* Proctor»C<lward A. Frceman» Frances Power Cobbe, 
The Buke of Ars3rll»<Ianies Anthony Fronde, Mrs. Mu- 

gloch, Mrs. Oliphant, Miss Thacls.eray« Mrs. Alexander, 
Jean Incelow, Ceo. MaeBonald,1Vni. Ulack, Anthony 
Trollope . B. I>. £lackmore, J alia Kavanach, Sf rs. Parr, 
Benry Kinorsley, Mattheiv Arnold, Mrs. Macqnoid, 
Francis IV. KeTrman, Thomas Carlyle, Berthold Aner- 
bach, TV. IV. Story, Francis Gnlton, tlohn Bnskin, 
Robert Buchanan, Tennyson, Bro^nmlnff, oad moo/ others, 
y are rcpre^nted in tiie pafM of 

LITTELL'S LIVING AGE 

Jannary 1st, 1877, The Livino Age enters upon Its 132d Tolume. Commended in tho outset by 
President Adams, Judge Sto!y,Chnncellor Kent, histcriars KparkP, Pre^cott, 13aiicroft, aicknor, and 
many others, it Las never failed io leceive the wann support of tho best mtu aud iounials of the 
countrv, and has met wilh constantly increasing surcrss. 

A \7eeki>y Maoa/.inf, of Fixiy-four page?, The Livino Age (in "which its only competitor, 
"EVERY SATUKDA Y," hus been merged) gives more than 

double-column octavo pages of reading-matter yenrly, forming fcnr Inrf e volumes. It presents in an 
inexpensive form, conbidering its great amount of matter, with frcfhuegp, owing to its weekly iFsue, 
and with a satia/actory crmplcfcness attempted by no other pnbiieaticn, iho I eft KFsayp, JRevicws, Crit- 
IcJsmB, Tales, blcotchea rf 'i ravel and Discovery, Toetry, fcjcicntiljc, l^iographlcal, Historical, andPoiiti- 
. cal Information, from tho entire bo('y cf Foreign Periodical l.itemture. 

During tho coming year, Sciial aiid Shoi-t Stories by the l^eading Forei|;n Authors will be 
given, together wiih au amount 

XJ2a.a»^E>ro»cli.ocl. toy Axa:^ otlxex* Z^ezrlodloAl 

in the world, of the most vnlnnblo literary and Scientific matter of the day from iho pens of tho fore- 
most Essayists, Scientists, Critics. Discoverers, and iiditors, above-named aud many others, represent- 
ing over v department of Knowledge and Progress. 

Tho importance of Tnw Livi^a Agr to every American reader, as the only satisfactorily fresh 
and complete compilation of a generally inaccessible but iudispenbablo current literature, ^in</u- 
ptTisable bccauso it embraces tho productions of 

■Tsciza jAJ^TmTz&t xjxttxn-o -vm^E^.T.Tm^ta 

in all branches of Literature, Science, Art, and Politics,— is sufficiently indicated by tho following recent 

OZ3lZlJ.OZ3LSI. 

»* Year by ycnr thoso who wish to keep themselves in- 
formed in the Uterature of tlio day come more generally 
to recognize The I.iviko Ack as tho best means Jornt- 
taining that end within the reach of persons of moOcmto 
leisure. ... It reproduces (he best thoughts cf the best 
minds of the civilized tcorhl.vpon all topics qf living in- 
terest.'^ — Philadelphia Inquirer. 

*• Simply J ndispenfjablc to an^' one who desires to keep 
abreast of the thouRht of tho ago in nry department of 
science or literature." — 2?n.«/oT» Journal. 

*' la no other sinplepubllention can there be found so 
much or sterling literary cxccllcucc."— il>M» York Even- 
ing Post. , . „ ,. 

'^Onqlit to find a place In every American Uome."— 
Ifnv Voj'k Times. ^ ,. 

" Iho b eft of all our eclectic publications."— 2Vi« -Aa- 
(ion. New York. 

" And the cheapest. A monthly that comes everyxceek.^ 
— The Advance, Chicago. 

•'inconiparal.lo lu tho rlebnesa, variety, and sterling 
worth of i:s artUlea.and equal tosever.nl ordinary mapa- 
zincs in the amount of matter presented."— The JStand- 
ard, Chicago. 

'* fho more ft Is appreciated the hipberwlll rise the 
tone of American literature and the tas>tc of American 
readers." — Chicago Inter-Ocean. 

•* Grows richer and richer tho longer It lives. There is 
no other known way of petlinp fo much Rood reading for 
so littl 3 money.'*— Christian Register, Boston. 

"It is n thorough compilatiom fwlirtisbestinthelltcr- 
atnre of tliedav, whether relating to histt.ry, biojrraph.y, 
fiction, poetry,*wit, science, politics, theology, criticism, 
ox f\.\\..'* — Hart ford Daily Courant. 

*' A ptiro and ])erpetual reservoirand fountain of enter- 
tainmiMjt and instruction." — //on. R'^hert C. Winthrop. 

'•'llio best periodical la the world."— .4^redi/. Street. 



Tlie best periodical in America."— i?«>. Theo. L 
Cuyler, D.D. 

•• Fairly w ithout a rival." — ConoregationaJift, Boston. 

" Wilhtt alone a reader may lairiy Ui ep ii|) w ith a;l that 
is important in the literature. IilRtorv, politics, and sci- 
ence of the day." — iTAtf Methodist, Ne'w York. 

"The ablest cspay.", iho most cult riainiip stories, the 
finest poetry of the Knglish lanpnago are hero gaLhercU 
topether." — 7//w;o»i State Jourr^al. 

**Alore than ever indispensable, in these days of fre- 
quent publication in expensive EngliMi Kc views, cf arti- 
cles on the rreat questions of current Inquiry, ly such 
men as Jinx 31 nl'er, Jlnxley, Tyudall, and many others." 
— Milwaukee Daily Sentinel. 

'• 1 ta publication in weekly numbers gives to It a great 
advantaco over its monthly contempcraries In the Fpirit 
and freshness of its contents."— T/id Pacific, San Fran- 
cisco. 

" Of all periodicals in tho world, if n man can take only 
one, ho bhould by all means take Ins ) iving Ace. . . . 
'i hero is nothing ccmparable to it in Iruo vplne in the 
whole range of periodical literature." — ifo2it7e Daily 
Register. 

"There is no magazine published that gives so general 
a knowledge of whatis going on in the litcrmy woilA."— 
Presbyterian Weekly, Baltimore. 

"The more noted new novels appear as serials, and the 
more distinguished foreign thinkers in criticism, science 
and art, are represented in Its pages. . , . It Is tho only 
compilation that nrepcnts with a palisfactory complete- 
ness, as well as ireshness.'a literature embracing the 
{)roductlon8 of tho nhlest and most cultured writers liv- 
np.. Jt is. therefore, indispensable to (very one who desires 
a thorough compendium of oil that is admirable and nott' 
worthy in the Weraty world. " — Boston Pest. 

" *^ lias no equal in any Luantry.'*— Philadelphia Press. 



Dorthy 
"Itli 



PirnLiSTTED Wrekly, at $8.00 a year/rce qf pottage. An extra copy sent gratis to any ono getthag 
up a club of livo new subscribers. 

K"ew subscribers for 1877, will receive gratis tho pix numbers of 1870, containing the first instalments 
of i\ new and powerful Serial, "The Marqnis of Lossle," by GEOBGE MACDOI7ALP, now 

appearing in The Living Age from advance sheets. 

CLUB PRICES FOR THE BEST HOME AND FOREIGN LITERATURE. 

r "Possessed of 'Lttttll*8 Liviyo Age' andcf one or other of onr vivacious* American month- 
lies, a subscriber will find himpelf in crmmand cf the whole situatunn.'*— Philadelphia Evenivg Bulletin.] 
For $10.50, TnB Living Age and c/VZ/fr ono of the /rwr-r/r'/ar monthly MapSTines (or ifarjwr'* 



Weekly or nazar)^ ^vill be sent for a year, with postage prepaid on loth,- or, for $dM, The Iliviiia'AGB 
I Jppleton*s Journal f or Ecribucr's St, 2^'icholaSt Loth postpaid. 



and^ 



Add::es3 



LITTELiLi & GAY, 17 Eromfield St., Boston. 



THE AMEEICAN CLIMATE 

ficnders proteotion u> our Lungs absolutely nocessary. The artiole of onderweAr knowm M tlM 

GRADUATED CHEST AND LUNG PROTECTOR 

Makes that protection iierfect, as It can be increased or diminished at will, thereby protecting fh* hmffji if 
All seasons. Sold by all Druggists, Ladies' and Gents' Furnishers, and Dry Goods Dealers generally. BmH 
by nuiil, prepaid, to any address, on receipt of $1.50. 

ISAAC A. BINGffiB, Mannfoctnrer, 691 Broadway, New York. 

C F RUESTOW 

MEDiCAL AND MECHANICAL ENGRAVER AND ARTIST, 

N08. 119 & 121 NASSAU STBEET, 

(RoofH 37.) NKW YORK. 

SI O ZX O O Xj . 

THE PRIVATE INSTITUTION AT BAItRE, MASS., FOR THE EDUOA flON AND THAQI* 
1 ing of Youth of Defective lurcllect, offers to parents and guardians the experience of twentS^ 
five yean* sacceBsfol operation, and all the comforts of an elegaut country home. 

GEORGE BiiOWN, M. D.. 8iipt 

THE NEW AND CHEAPER EDITION OF 

FIGUIER'S POPULAR SCIENTIFIC WORKS, 

Containing all the Original Illustrations, 
With the Text tborooghly rerised and corrected. Price, $3.50 each. 



The "World before the Deluge. The Geological Portion carefully revised, 

and much New Matter adde<l, bv H. W. Bristow, P. R. S., of the Geological Survey of Great 
Britain, Hon. Fellow of King's College, London. With 238 Illustrations. I vol, 8vo. Price, 
$8.50. 

** A book worth a thousand gilt Christmas volumes, and one most suitable as a gift to an intel- 
lectual and earnestly-inquiring BlMdenV—Athenceum, 

The Ocean World. Being a Description of the Sea and its Living Inhabitants. 
Revised and corrected by Prof. E. Pesoival Wbioht, M. D. With 427 Illustrations. 1 voL, 
8vo. Price, $8.50. 

The Insect World. A Popular Account of the Orders of Insects. Revised and 
corrected by P. Martin Duncan, M. D. F. R. S., Professor of Geology In King's College, 
London. With 576 Illustrations. 1 vol., 8vo. Price, $3.50. 
" Remarkable at once for the beauty and variety of its illustrations. The book is an excellent 

one, and admirably gotten m^.^''— Educational Times, 

The Vegetable World. A History of Plants, with their Botanical Descriptions 
and Peculiar Properties, and a Glossary of Botanical Terms. New edition, revised and cor- 
rected by an eminent Botanist. With 470 Illustrations. 1 vol., 8vo. Price, 8.50. 
**Throughimt the book we have evidence of careful editorship in various little alterations which 
render it more suitable to the British botanist, and in additions which bring it up to the present 
state of botanical science. . . . The present edition of ' The Vegetable World ' is, so far as 
twtanical value is concerned, the best which has ap]>eared, not excepting the original French 
lesne." — The Garden. 

Reptiles and Birds. Revised and corrected by Captain Parker Gillmork. 
With 807 Illustrations. 1 vol., Svo. Price, $3.50. 

Either of the above sent free by mail to any address on receipt of the price. On receipt o# 
^10, the entire set of Ave volumes will be forwarded by mail or express, paid to destination. 

D. APPLETOJT 4- CO., Publishers, 

549 & 5rl Broadway, New York. 
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THE WTERHA TIOWAL 8CIEH TIFIC 8ERIE& 

No. I . POIIMS OP WATm, to Clwub, lUin, RlTMi. Ic, Md OlMim. By Trot, JoBf Tnn»AU., LL. D^ 

F.R.S. iTol. Cloth. Pr<ot»$l.M. 
•• 2. PHYSICS AND POLITICS! or> Thovghts oa tk« AppIieaUoii of Um PriBel|>lM or<<NstiinJ Solaetlon " 

•ad ** Inhoritaac* " to Political SoeUty. By Waltbb Baobhot, Eaq., author of ** The Eagliah Coiutttatioa.'' 

1 Tol. Cloth. Pricv, ^\M 
" 8. POODS. By EowABD Smith, M.D.,LL.B.,F. R.S. 1 toI. Cloth. Prii<«,$U5. 
** 4. MIND AliD BODY. The Theories of their ReUtioai. By Albx. Baw, LL.D., Profenor of Legk ia the 

Uatveraity of Aberdeea. 1 vol., ISmo. Cloth. Prkt, $1 JO. 
'* 6. THI STUDY OP SOCIOLOGY. By HaaBSBT Sraacca. 1 rol., ISrno. Cloth. Price,$1.60L 
** 6. THI NIW CHSMISTIIY. By Prof. JociAS p. CooKB, Jr.,of Hanrard Uaivwdty. 1 toL, ISoio. Cloth. 

" 7. THI oblisiRVATION OP INSROY. By ProtBAi.foc«»nwAmT,LL.D.,F.R.S. 1 toI., 

ISmo. Cloth. Price, $1.6a 
** 8. ANIMAL LOCOMOTION | or, Walhlaf, Swimmfaig, aad Flyfaig^ with a DIaertatlon oa Aironaatlci. By 

J. Bbll Pbitigbbw, M. D., F. R. 8., F. R. 8. E., F. R. C. P. E. 1 toL, ISmo. Folly tUoftrated. Price, $1.75. 
'* 8. RISPONSISILITY IN MINTAL DISSASI. By HawBr MAOoaiBT, M. D. lToL,ISmo. Cloth. 

Price, $1.60. 
'* 10. THI SCIINOI OP LAW. By Prof. Shbldon Amos. 1 toL, ISmo. Cloth. Price, $1.76. 
'* II. ANIMAL MI0HANI8M. A Treatiee on Termtrial aad Atrial LooomotioB. ByE.J. Habby. With 

117 Illottrationt. Price, $1.76. 

" 12. THI HISTORY OP THI OONPLICT SITWIIN RILIOION AND SCIINOI. 

By John Wm. Dbapbb, M. D., LL. D., author of ** The Intellectoal DevelopmeBt of Europe.*' Price, $1.75. 

'* 18. THI DOCTRINI OP DISCINTy AND DARWINISM. By ProL Om:ab Schiii]»t, stia». 

Inufg UnWeretty. Price, $1.80. 

" 14. THI CHIMI8TRY OP LIGHT AND PHOTOCRAPHY. lBitiAndieaU«itoAri,SciaBee, 

and Industry. By Dr. Hbbmanh Voobl. 100 Illustrations. Price, $2.00. 
" 18. PUNOI I tbeir Nature, Influenoe, and Uses. By M. C. Coobb, M. A., LL. D. Edited by Rer. M. J. Bbbbblbt, 
M.A.,F.L.S. With 109 ninstrations. Price, $1.50. 

*' 16. THI LIPI AND GROWTH OP LANGUAGI. By PK>f. w. D. Wbiih bt, of Tale Oollega. 

Price, $1.50. 

" 17. MONIY AND THI MICHANISM OP IXCHANGI. By w. Stablbt JaroBt, u,A^ 

F. R. 8., Professor of I<oglc aad Political Economy in the Oweas College, Maacheeter. Price, $1,501 
*' 18. THI NATURI OP LIGHT* ^th a General Account of Physical OpUcs. By Dr. Euobitb Lommbl, 

Professor of Physics in the Ualreieity of Erlang ea. With 188 niustiatioas aad a Plate of Spectra in Chromo- 

lithography Price, $S.OO. 
'* 18. ANIMAL PARASITIS AND MISSMAttfS. By Meatleur Vik B>B>nBH, ProfesMr of tha 

UnlTersity of LouTaIn, Correspondeat of the Institute of F^raaoe. With 88 niustiatioas. Price. $1.60. 
" 20. ON PIRMINTATIONS. By P. ScnOrxBirBBBaBB, Diiwrtor at the Chemical Lahoiatotyat the Soiw 

bonne. With 98 Illustrations. Price, $1.60. 
'* 21. THI PIVI SINSIS OP MAN. By JuLnra Bbbii«t«b, a a. PrafesMW «f Fhytiolegy Ib the Ual. 

Terslty of Halle. With 91 niustrations. Pr'ce,$1.75. 

PROSPECTUS. 

D. Akplbtoh a Co. have the pleasura of announciug that they bare made arrangements lor puMlshinr, aad hara Kcently 
eommenced the issue of. a Siaiaa or Populab Monookaphs, or small works, under the above title^ which will embody tha 
results of recent Inquiry in the moet Interestiog departments of advancing science. 

The character and scope of this series will he best indicated by a reference to the names and snbiects Included in the subjoined 
list, from which it will be seen that the codperation of the most distinguished professors hi Eagland, Germany, France, and tha 
United States, has l)een secured, and negotiations aro pending fur contributions from other eminent seientiic writers. 

The works will be Issued simultaneooily in New York, London, Paris, Leipsic, Milan, and St. Peteraburg. 

The iNTaaNATioNAi. Soibntivic Sbbibs is entiraly an American project, and was originated and orgaalted by Dr. E. L. 
Youmani. who spent the greater part of a year in £urope, arranging with authors and publishers. The forthcoming volumea 
are as follows : 



Prof. W. KiNODOJf CLtrfOBo, M. A., T%e flrd Primeiptet tftJu 

Brmet 8eune«$ *»j4ai7ud to tk* Ntm-Matktmatieal. 
Prof. T. H. HuxLBY, LL. D., F. R. S., Bodilp Muion and Com- 



Dr. W. B. Cabpbntbb, LL. D., F. R. 8., 7%« Pk^rie^a Otogra- 



vJ*^i*"^ 



. Odlmo, F. R. S., TkM Old Ch«midrw vtewed from 

tile Ar«i» Stand-fioiiU, 
W. Laoobb Lindsay, M. D., F. R. S E., Hind in ffte Xoiser 

Animah. 
Sir John Lubbock, Bart., F. R. 8., On Ant$ rnnd Bu$. 
Prot W. T. THisBLroa Dybb, B. A., B. Sc., J^brm and Haiti in 

F^owtring PfmnU. 
Mr. J. N. LocKYBB, F. R. S^ SpeHrum Analyh. 
Prof. MiCHABL FoBTBB, M. D., /VoWosm and tht Cell T%torf. 
H. Chablton Bastiah, M. D., F. R. S., 7%t Brain a$ mm 



Organ i{f Mind, 

of. ATcrr 



Prof. A. C. Ramsay, LL. D., F. R. S., Earth Seulvtun; EUU, 

VaUtpt^ Mtmntaint. Plaintf JUvcfv, Laie$; tow tktg wrt 

anxfucM, and hom M«jr ha** been dettroi/ed. 
Trot Rudolph VtBcnow (Berlin University), Morbid Phgifolo- 

jfiral Action. 
Ttw, Claudb Bbbnabd, Hiforg of tht Theoritu oflif: 
Prof. H. SAHfrCLAiBB Dbvillb, An Introdueiton to Oonoral 

Ckemuttrg. 
Prof. WuBTX, Atom and tht Atomic Thtorg. 
Profl Db QUATPBV40BS, The Human Race, 
Prof. LACABB-rVmiBBs, ZtMogg rinet Owner. 
ProC Bbbibblot, Chemiral Bfnthaoit. 
ProU C. A. Youno, Ph. D. (of Dartmouth College), 7%t Bun. 
ft9l OaoBH N. Rood (Columbia College, New York), Mod- 

era dromofiet and it» Solationt to Art and Indualrg. 



Dr. EtfFjfcSB LshKit (UnlTcnlty of Elrlugm^, Tit A'^mn m/ 

Prof- X HosKFfTH i L, Ott tra-t PApifiit'm t^ NvKh* an d Jftrr^ 
Prfrf. J AM Bin D. tFATJA, MkA,^ LL, flxf <>n Vff^ataaMo^f #r. 

Prof. S. W. Jinf*s^^«i Mk A„ f>ji fi^ N'^riiiotv,^fPhi^ 

Prof Al'*Tiff Fl,T'*Tf Jr., M U^, 7%t A'tmnu' SfMrmt and itt 

Pror. LVk h K Etlr I N 1 Un Lvvrti ly of HBl)t]L The Jl^it* S^ntttnf Mtn. 
Prof. bVMDt?fA3fb 0"»K (Bmtan UajTsnEty), Thstliphj^tt 

Profn KiRhTArf*! {rnlvenltycf 3!i]Tidi), Chf ArA'frai^wn. 

Pror LiJVK*irT a^iiJrtrffty flf Leipdei, Owthnn nf Amit^^ 

Prof. IJEBRli^rll (tTnrvrnEly ^ifBirtlln), OvtfiiM i/ TbMialMf. 
Prof. K t: 4 F>T { U □ i , snHy i>f i^tnubarc^. On Smu^ 
Pror. RlfeA (UDiveTiEly af £i-lflnREn>, Un rarwntie J^mtO. 
Prof, Sr■l^rHJtL (tTulvenitj of Berliia)^ Outiinef p/ iit &imcr 

P. li^wt t PniiWinr ot Pli jtlulogy , I'ariOr ^*f^^ </ I^/i tmd 
mk*T Vtytmif^i *Pttniiiii'<*i*i 

E. A-Lnnvw fFreifn«iiiir ^f ron^Mtntlonat ttid A4mliiitFat[ra 

Lsw ni Ttmt^, stid &f PfrntJfXl Ecntlcm? st L3Jli>, fU 

iVi»iifiW Elrwnir r/ /VJiltr«l Onatitvit'^mf. 
P. Lniuifr {FTi:,{m*nr of M'dl«lll«p Fhrii), J^H^rnt Spidtmie^ 
Prof. SctiOTir«BtH4.lM {T^lnelor a th* CbHnirsl LabonJt*r|- 

at ihv SorbDl] nt), On Prrmrmiationw. 
Motii. FHEitifLp ThrFmnrthnttyf Orgmtii Chtmi^rjf^. 
MoEiL \}mF.ir, IWtitrut Mitelt. 
Pror ConniiJ), S** A.. M, Oh (ChnD.). Art in 0* fulmtmtm 

Health, 
Pro£ A. GiABD, Otntral Xmlhrgdiogg, 



D, APPLETON 6* CO,, Publishers, 549 <Sr» 551 Broachoay, N. Y„ 
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Wakefield Earth Closets. 




THE CENTRAL PARK TEST. 



"New York, May 26, 1876. 
* WAKEFIELD EARTH CLOSET CO., 84 Dey Street, New York. 

** 100 of jour Wakefield Closets hare been in use four years in CentrsI 
Psrk. Thejhaye giyen entire satisfaction. We have ceased using the Water-Closets, 
niiieh were contaminating the water of our lakes. RespectfuHj, 

"JULIUS MUNCKWITZ, Supt Dept Pub. Parks.** 



" Grand Exposition Hotel, Philadelphia, May 18, 1876. 

'^OXNTLnCEN: 

" The fifty Cabinet Closets that you sent us give general satisfaction to 
our guests. We will send you an order shortly for as many more. 

"M. RILEY, Manager." 
For further Testimonials and Descriptive Circulars, send to 

WAKEFIELD EARTH CLOSET CO., 

84 DE7 STBEBT, NEW TOBK, 
Or, 900 'Walnut Street, Philadel phia. 

BUSINESS ESTABIilSHED IN 1S35. 



BOERICKE & TAFEL, 

HOMCEOPATHIO 

PHARMACY AND MEDICAL PUBLISHING HOUSE, 

NEW YORK, 145 ^'w^mT Street; PHILADELPHIA, 635 Arch Street and 125 

South wth Street; BALTIMORE, 135 West Fayette Street; 

SAN FRANCISCO, 234 Sutter Street, 

Keep constantly on hand a full supply of Hom<eopathic Familt Medicine Cases, and Books 
{pving plain directions for their use. 

Send stamp for Catalogue giving description and prices of the various styles and sises» 



N. B.-BOERICKE A TAFEL received THE ONLY Centennial 
Prize-Medal awarded at the Philadeiphia Exposition for Homoeo* 
pathie Pharmaoeutleal Preparations. 
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THE POPULAR SCIENCE MONTHIT. 



CONDUCTED BY 



Ij- -y oxj:R^-A.3srs- 



This periodical was started {in 1872) to promote the diffusion of valuable scientific 

knowledge^ in a readable and attractive form^ among all classes of the 

community y and has thus far met a want supplied by no 

other magazine in the United States, 



Eight volumes have now appeared, which are filled with instrnctlve and interesting articles and ab- 
stracts of articles, original, selected, translated, and illustrated, from the pens of the leading scientific men 
of different countries. Accounts of important scientific discoveries, the application of science to the prac- 
tical arts, and the latest views put forth concerning natural phenomena, have been given by soAoanU of the 
highest authority. Prominent attention has been also devoted to those various sciences which help to a 
better understanding of the nature of man, to the bearings of science upon the questions of society and 
government, to scientific education, and to the conflicts which spring from the progressive nature of sden- 
tiflc knowledge. 

The Popular Science Monthly has long since ceased to be an experiment. It has passed into a 
circulation far beyond the most sangulae hopes at first entertalne<l, and the cordial and intelligent approval 
which it has everywhere met, shows that its close and instructive discussions have been well appreciated 
by the reading portion of the American people. It has not been its policy to make boastftil promises of 
great things to l)e done in the future, but rather to appeal to what it has already accomplished as giving 
It a claim upon popular patronage. But no pains will be spared to improve it and make it still more worthy 
of liberal support, and still more a necessity to the cultivated classes of the country. 

The following quotations illustrate the way it has been habitually spoken of by the press: 

" This is a highly-auspicious beginning of a use- 
ful and much-needed enterprise in the way of pub- 
lication, for which the pubhc owe a special debt of 



" That there is a place for The Popular Science 
Monthly, no one can doubt who has watched the 
■steady increase of interest in scientific investigation 
manifested in this country, not only by a select class, 
but by the entire community." — New York 'J^mes. 

'• we think it is not too much to say that this is 
the best jfit'st number of any magazine ever pub- 
lished in America."— iVi?w York World. 

'• A journal which promises to be of eminent 
Viilue to the cause or popular education in this 
country ."--iV6«(; York Tribune. 

•' It is, bevond comparison, the best attempt at 
iournalism of the kind ever made in this country." 
— Home Journal. 

•' It is just what is wanted by the curious and 
l)rogresaive mind of this country, and ought to be 
V. Idely circulated." — New York Evening Post. 

''• It is the first successful atte.-npt in thia country 
to popularize science in the pages of a monthly." — 
. . Y. SchoolJournal. 

"The Monthly has more than fulfilled all the 
promises which the pubhshers made in the pro- 
spectus of publication."— iViayam Falls Gazette. 



obli^-ntion to Messis. D. Appleton & Co."— 5^to/i 
Gazette. 

'' This new magazine, in our estimation, has more 
merit than the whole brood which have preceded 
\V— Oswego Press. 

"In our opinion, the right idea has been happily 
hit in the plan of this new monthly."— ^i(|jfa«> 
Courier. 

" This is one of the very best periodicals of Its 
kind published in the world. Its corps of contribu- 
tors comprise many of the ablest minds known to 
science and literature. It is doing a great and noble 
work in popularizing science, promoting the growth 
of reason, and leveling the battlements of old su- 
perstitions roared in the childhood of our race be- 
fore it was capable of reasoning."— 7%« American 
Medical Journal, St. Louw, iio. 

" This magazine is worth its weight in gold, for 
its service in educating the people."— Tfie American 
Journal of Education^ St. Louis., Mo. 



The Popular Science Monthly is published in a large octavo, handsomely printed on clear type, 
and, when the subjects admit, fUlly illustrated. Each number contains 128 pages. 

Terms: $5 per Annnm, or Fifty Cents per Number. 

Postage free to all Subscribers in the United States, from January 1, 1875. 

A new volume of the Popular Science begins with the numbers for May and November each year. 
Subscriptions may commence from any date. Back numbers supplied. 



Now Heady, Vols. I., II., III., IV., F., FX., FJJ., VIII., and IX., of The Pop- 

■ular Science Monthly, embracing the Numbers from 1 to 54 (May, 1872, to October, 1876). 9 
vols., 8vo. . Cloth, $3.50 per vol Half Morocco, |6.50 per vol. 

For Sale, Binding Cases for Vols. I., II,, III., IV., V., VI., VII., VIII., and 
JX., of The Popular Science Monthly. These covers are prepared expressly for binding the vol- 
umes of The P(>pulab Science Monthly as they appear, and wm be sent to Subscribers on receipt of 
price. Any binder can attach the covers at a trifling expense. Price, 50 cents each. 
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D, APPLETOJ^ S- ^0., PuUishers, 

549 & 65 1 Broadway/ New York. 
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TILITY 

AOJUSTABLE 

TABLE 



M w BB Raised or Lowered to suit any Person 
OR Purpose, ako be Folded compactly. 

FOR CUTTING, BA8TINC, TRIMMING, 
WRiriNO, STUDY, OAMB8, INVA- 
LIDS, CHILDREN, CAMP, Ac. 

In great variety of style, size, shape, and price. Inclose 
stamp fur Illustrated Book, and mention this paper. 

LAIBIE & SARGENT. IVop'n ud ITn, 793 Broadwaj. N. T. 



THE UNIVERSAL METRIC SYSTEM. 

PREPARED ESPECIALLY FOR CANDIDATES FOR SCHOOLS OF 

SCIENCE, ENGINEERS, AND OTHERS. 

By ALFEED COLIN, M. £., 

PBINCIFAL OF ▲ PREPARATORY SCIENTIFIC BOHOOL. 

1 vol., 12mo. Cloth, 60 cents. 

D. APPIiETON ft CO., Publishers. 

ON 

ORTHOPEDIC SURGERY AND DISEASES OE THE JOINTS, 

Delivered at Bellevue HospUal Medical College during 
the Winter Session of 187Jrl875, 



FrofesBOr of Orthopedic Surgery, Fractares and Dislocations, and Clinical Surgery, in Bellevne 
BoBpital Medical College; Surgeon to Bellcvue Hospital ; Consulting Surgeon to Charity Hob- 
pital; Consulting Surgeon to St. Elizabeth's Hospital; Consulting Surgeon to NorthweBtern 
Dispensary; Member of the American Medici! Association ; Permament Member of the New 
York State Medical Society; Fellow of the New York Academy of Medicine; Member of the 
New York County Medical Society, of the New York Pathological Society, of the Society of 
Neurology, of the Medico-Legal Society; Honorary Member of the New Brunswick Medical 
Society; Honorary Member of the Medical Socleiy of Norway; Knight of the Order of Wasa, 
by HiB MiO^ety the King of Sweden, etc., etc. Illustrated by numerous Wood-EngravingB. 
1 Yol., 8to. Cloth, $5.00; Sheep, $6.00. 

The publishers take pleasure in announcing that the above work Is now passing through the 
press, and will be ready in March. It is being published at the request of medical gentlemen of 
the highest standing, in different sections of our country, as well as many abroad, who are anziouB 
to have Dr. Sayre's peculiar views and extended experience in this specialty given to the profes- 
eion in a plain and practical manner. The book contains the substance of his course of lectures 
delivered at Bellevue Hospital Medical College, as well as many important cases from his note- 
tiook, and from the hospital records. He has also added a number of cases before presented by 
him to the profession in medical journals, or at the different medical societies, which are con- 
•iidered worthy of permament record. 

The worV Vb enriched by beautiful and excellent Illustrations, engraved from original drawings 
and photographs prepared expressly therefor. The author having enloyed exceptional oppor- 
tunities for the Btody and treatment of these diseases, the results of tiis labors cannot fail to oe of 
ineBtlmable value to«very student and practitioner, and of service to Buffering humanity. 

Students desiring early copies will please send their orders direct to the publishers, 

P. APPLETON & CO., 519 i 551 Broadway, IVew York. 



Digitized by 



Google 




ESTABMSHED ANNUAL INCOME, PUBELY 

1845. $8,000,000. MUTUAL. 

THE 

NEW YORE LIFE INSURANCE CO., 

3 46 & 3 48 BROADWAY, 

Offers ererj adyantage that 

AOB, 

SUCCESS, 

APFBOVED XETHOIIB, 

AND 

FBUDENT MANAOEXENT 

can ^ve. 

During its thirty years of business, the Company has — 

Insured Persons, numbering over .... 110,000 

Beceived in Premiums ..--.. 57,000,000 

Paid Members and their Families .... 29,000,000 

Accumulated in Cash Assets 28,000,000 

There is nothing desirable and practicable in Life Insurance which 
this Company does not furnish, whether that be perfect security, equity 
of management, or adaptability of plans to the public need; there is 
nothing undesirable and avoidable which it does not avoid, • 

It originated, in 1860, the celebrated "Non-forfeiture" plan, which 
has since been adopted by every other company. Its " Tontine In- 
vestment policy " has won the unqualified commendation of the ablest 
actuaries and of the ablest business men. 

Men of good reputation, able to devote the whole or even a part 
of their time in procuring business for tliis Company, will be liberally 
compensated for the work accomplished. For terms and conditions, 
apply to the Home Office of the Company, or any of its General 
Agencies. 

MORRIS FRANKLIN, 
WILLIAM H. BEERS, President. 

Vioe-Pres. and Actuary. 

THEODORE M. BANTA, Cashier. 
D. O'DELL, Superintendent of Agencies. 
CORNELIUS R. BOGERT, M. D., ) ^^ ,. , j^^^.^^, 
GEORGE WILKES, M. D., f Medical Examiners. 

CHARLES WRIGHT, M. D., Assist Medical Etcaminer. 
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The ITew York Medical Joumal, 

Idit«l 17 TAKES B. EVHTZS, U. S., 

Aasistant Surgeon, New York State Woman's Hospital; Member New York Obstetrical Society, etc 



This old and popular monthly journal, now in ito twen^-second volume, is devoted to the advance- 
ment of the science and art of medicine in all its branches. Encouraged by the rapidly-increasing denuwd 
for the Nkw York Mbdical Joubmal, the publishers take pleasure in announcing that they have deter- 
mined to make it 

THE VEBT BEST MEI>ICAL rEEIODICAL OF ITS KINI> IK THE 
UNITED STATES. 

A large number of distinguished gentlemen have promised 

VALUABLE ORIGINAL COMMUNICATIONS 

on a variety of topics of special interest to the Profession. 

Arrangements have been made by which the Pbooredinos of Mxoioal Societies wiU be reported 
promptly each month, and as ftiUy as their importance warrants. 

A corps of skillfhl translators will fUmish the readers with 

The Crecum of Fovezgrt JoixmaZSy 

seleeted with a special view to the wants of those engaged In active practice. 

Reports of rare and interesting cases in Ilospital and Private Practice will occupy, as heretofore, a 
prominent plftce in the pages of the Journal. Kew Instruments, new Remedies, and new Methods of 
managing Disease, will be promptly described. Critical and impartial reviews will be given of all Nsw 
Medical Publications, as they appear. 

• A competent staif of experienced writers will co5perate with the editor in gleaning medical news and 
Information fh>m every source, and thus keeping the Journal in the front rank of Medical Literature. 

In short, no labor or expense will be spared to render the Nsw Yorie Medical Journal 

INDISPENSABLE TO EVERY PHYSICIAN 

who desfares to keep pace with the rapid advance of medical science at home and abroad. 
The IxMUty and excellence- of the 

NUMEROUS ILLUSTRATIONS 

that enrich the pages of the Journal constitute a valuable and attractive leature, and one in which it has 
no rival in this country. 

t>PINION8 OF THE PRESS. 

** Among the numerous records of medicine and the collateral sciences published in America, the 
above Joumal occupies a high position, and deservedlv so."— T'A^ Lancet {London). 

"^One of the best medical Journals, by- the- by, published on the American continent"— £<m({^ Midi' 
eal Times and Gazette. 

»• A very high-class journal."- Zondon Medical Mirror. 

**The editor and the contributors rank among our most distinguished medical men, and each number 
contains matter that does honor to American medical literature."— ^<Mr^^ Joumal qf Chemietry. 

'' Full of valuable original papers abounding in scientific ability."— (7Aiea<70 Medical Times. 

"" Taking it all through, its beauty of paper and print, its large-sized tvpo, the hi^h character of its 
contributors, its general usefiihiess, we know no other periodical that we would rather present as a 
specimen of American skill and intelligence than the New York Medical Journal." -Franklin RepoeUory. 

'* The New York Medical Journal, edited by Dr. James B. Hunter, is one of the sterling periodicals of 
this country. The present editor has greatly improved the work, and evinces a marked aptitude for the 
responsible duties so well dincharged. The contents, of this journal are always interestin<r and instructive ; 
its original matter is often classic in value, and the selected articles are excerlent exponents of the progress 
and truth of medical science."— i?i<;Amon(f and Louisville Medical Joumal. 

A new volume of the Nsw York Medical Journal begins with the numbers for January and July 
each year. 

Sub»eripHon» received for any period, 

TERMS: FOUR DOLLARS PER ANNUM, 

POSTAGE PREPAID BT THE PUBLISHERS. 

A complete Index to the Nsw York Mbdical JoimirAL from its first issue, in April, 1866, to the 
okMS of the present volume, June, 1870, will be published early in Sept. of the present year. This index 
will include tne enth« contents of twenty -three volumes of the Jourkal, and will constitute an invaluable 
wotk of reference to the contributions to medical literature of many of the most distinguished members of 
the profeasi(m during a long and eventfhl period. D. APPLETON A 00., Pubushxm. 
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TARRaJIT'S 




IT 



SELTZER' 



SELTZER' 




praracEMT 12 




3f«lt 



SELTZER APERIENT. 



This -valuable and popular Medicine has untvereally received the most favorable 
recommendations of the Medical Proficssion and the Public as the most kfficiknt and 

AORSXABLI 

It may be used with the best efifect In 

JSiiious and FebirUe I>l8ea8e8^ Costlvenesa, Sick Hecidache, Xausea^ 

Loss of Appetite, IndigeBtion, Acidity of the Stomach, Tor^ 

pidity of the Liver, Gout, Mheutnatic Affections^ 

AND ALL COMPLAINTS WmCRI 

A GENTLE AND COOLING APERIENT OR PURGATIVE IS REQUIRED. 

It is particularly adapted to the wants of Travelers by Sea and Land, Residents in 
Hot Climates, Persons of Sedentary Habits, Invalids, and Convalescents. Captains of 
Vessels, and Planters, will find it a valuable addition to their Medicine-chests. 

It ifl in the form of a Powder, oarefnUy ptlt tip is bottles to keep in any 
oUmate, and merely requires water poured upon it to pro- 
duce a deliffhtfal ElTervesoent Beverage. 

Numerous testimonials, from professional and other gentlemen of the highest standing 
throughout the country, and its steadily-increasing popuhirity for a series of years, 
strongly guarantee its efficacy and valuable character, and commend it to the favorable 
notice of an intelligent public. 



sm'?^ 



SELTZER 




HamifactBreil only tij tue sole Proprietors. 
TARRANT & CO., 




SELTZER 



278 Greenwich St., 

Cor, Warren St,, Nm T., 
ANB FOR SALV: BT BRUGGISTS OENERALLT. 
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JOSEPH GILLOTT'S STEEL PENS, 

OF THE OLD STANDARD QUALITY. 



0~THS WELL-K>'OWN Ortgin€U AMD Popular inTHBERS, 

S03-404-170-3S1-882, 

WITH HOST OF HIS OTHER STTLES, 

MAT BE HAD OF ALL DEALERS. 

^^ All nr I ^\ WkM f ^ Injonctlon was ennted bj the Supreme Court, New York, 
^^ A U I I 1^ ill I at General Term. Janaary, 1867, against the ase by uthen of 
^^•^^^ ■ ■ '^^ B^ • ^^^ NUlttBBH 303, and AFFIRMED bv the Court of 
Appaali, January, 187S. Tills decision appUes aUo to our otber Nombers. 



JOSEPH GILLOTT & SONS, 

No. 91 John Street* NEW YORK. 
HENRY HOE, Sole Agent 

THE &OID lEDAI OF PROaRESS 

JVas awarded to Dr, Jerome Kidder^ for the Best Electro-Magnetic Machine at 
the last Fair of the American Institute^ in the fall of i^j^. 



The competitor who claimed an aivard of a gold med&l exhibited onlj m 
comiterf^t, made by plating a bronze medal with gold, which bronze mediil wa« 
obtained at a time when Dr. Kidder did not e^ihibit 

FaOHBimile of Dr. 
Kidder's Trade-Mark 
-whioh aooompanies the 
Oenuine HIeotro-Medical 
Apparatus. 

Dr. Sadder has unegualed Galvanic, Eleetro-Magnetio, titid GalvsnoCiinslJcr 
Apparatuses, together with superior electrodes i<i u^e with them. To kiitfv ite 
genuine Apparatus from the spurioaa, address, for Dlustrated Catalogue, 

Dr. JEROME KQDES, N. E. cor. Utli St. k m ATE., New TffL 
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"SUEVIVAI OP THE FITTEST." 



i 



The Darwinian doctrine is warmly debated in its application to animal life, but it 
appears to be true in its application to Life-Insurance Companies. Indeed, the Darwinian 
doctrine itself receives quite a support from the facts in regard to these companies, as 
shown within a few jears. 

In 1866 
FOTJR TjTF3E3-3:XTSXJR A^ISTOE OOayCPA.MTB3 

Were organized in this City. 

ONLY ONE OF THEM REMAINS. 

Three were organized upon the *'01d Plan," the prototype of which was imported from 
Europe — Whence gave the name " European *' in distinction from the 

NEW SYSTEM OF LIFE INSUFIANCE, 

wholly of American inception and development, and as yet thoroughly worked only by 

THE AMERICAN POPULAR 

LIFE-INSURANCE COMPANY, 

The " old plans ** of Megalo-Assets, Plesio-Dividends, Paleo-Tontine Companies, an« 
•wered very well for the Carboniferous (Greenback) period, when the mephitic condition 
of things produced such an abundance of carbon-deposits that endowments based thereon 
were m order. 

But for tim«fl of greater enlightenment a more evoluted idea is necessary, perfected 
by the application of aU the sDit^ntific developments of the day; in fact — 

AN ENTIRE NEW SYSTEM, 

VToluted from foundation to cap-stone into such beauty of architecture and seouritj of 
tiruature ths^t it shall bear the dear light of day, and endure for all tune. 

Iq the tmMi and myaterica of the past the dim light gave only a shadowy Tiew, and 
iiiitoet an J «biipe, however uncouth, was well enough, if it only had magnitude. The 
kf^e Myed upon the suidl, and warfare was the order of creation. 

Hot now that flcienoe prevails everywhere, Truth and Equity must also pervade any 

iBO O it itVil SJ9i^tn of 

X4IFE INST7BAN0B. 

^ Beam Hie " Survival of the Fittest,*' as witnessed in the history of 

THE J^^IMCERICAN FOFUILiAR. 



^ 



9md iftf very interesting doQuments, "Five Points of the New System," "Biometfy," 
^Ufe t» lb Property,*' etc,, to lioxi OFncoE, 419, 421 Bboadwat, Nkw Yobx, or to any 
Oonniii«^<iner of the Oompany. 
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c. c. wmn » 



(LATE 502—504 BROADWAY). 



CALL ATTENTION TO THEIR STOCK OF 



LADIES' FURS. 



ALSO, TO THEIR ASSORTMENT OF 



SEAL-SEIN SAGQUES 



AND 



Fur-Lined Grarments, 



THE LARGEST AND MOST COMPLETE 
EVER OFFERED. 



184 FIFTH AVE. 

{Broadway & 23d St.), NEW YORK. 

MSTABLISMEn 1820. 
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DECKER BROTHERS 

Have been awarded by the United' States Centennial Commission, upon the unanimous 
recommendation of the Judges of Group No. XXY., the 

FIRST MEDAL AND HI6HEST AWARD, 

For all essential qualities in 

aR^l?^D, SQUARE, 

AND UPRIGHT 

PIANOS. 

The Decker Brothers are thus acknowledged to be at the head of the Piano manu- 
facturers of the United States. Purity and Sympathy of tone have long since been 
recognised qualities, specially characteristic of the Decker Brothers' instruments ; and, 
now that they are also plajced officiarlly in the first rank for all qualities essential to a 
perfect Piano, such as ''^ power and evenness of ione^^'' *^^ precision and elasticity of toitchj** 
^'' great excellence of workmamhipy"* etc., etc., they can justly claim to have achieved the 
greatest triumph in the art of Piano manufacture, and to have attained the enviabU dis- 
Unction of making the 

MOST PERFECT PIANO KNOWN. 



SEND FOR ILLUSTRATED CATALOGUE. 



No. 33 Union Square, New York, 

^Google 
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THE 



POPULAR SCENCE 
MONTHLY. 



CONDUCTED BT E. L. TOTIMANS. 

OONTKNTS. PAGE 

I. The Earlier Forms of life. By Prof. 0. H. Hitohoook. (Illustrated!) ... 267 

- n. •Theories of Primitiye Marriage. , By Hebbebt Spenoeb 273 

m. Prof. Huxley's Lectures, m. (Illustrated.) 285 

rV. The Study and Teaching of Biology. By Prof. H. Nbwkll Mabtin, K B. 298 

V. The Parallel Koads of Glen Roy. (Illustrated.). 309 

VI. Science in America. By Prof. John W. Dbapeb, M. D., LL. D ^ - 813 

VII. Mental Overwork. By Bobebt Fabqtthaesow, M. D 326 

Vm. The Medical Profession in Modem Thought. By Prof. H. Matidslet, M. D. 830 

IX. AhoutSharks 348 

-X. Ahoriginal Settlements of the Pacific Coast. By Paul Sohumaoheb. 

(Illustrated.) 358 

XI. Sketch of Sir William Thomson. (With Portrait.) 357 

XH. Oobbespokbekoe : insects and Flowers inColorado--ThoB.Carlyle and the Darwiiw.. 861 

Xm. EmrOB's Table : Philantbropic Fanaticism against Science— Political Economy in the 
United States— Prot Martin on Scientiilc Education— Prof. Huxley on the Horse— Com- 
mercial Manias 363 

Litebabt Notiobs : Knioht^s American Mechanical Dictionary-rPosTBB's Course of 
Elementary Practical Physiology— Savage's Religion of Evolution— Puhlic Lihraries in 
* the United States of America— Von Bezold^s Theory of Color, etos 372 

POPULAB Misoellany: Deep-SeaBottomDeposits-Eccentricity in Wood-Growth— 
Notes on the British Arctic Expedition— Seznal Selection among the Monkeys— The 
Transmission of Hahit— Efforts to stop the Locust-Plague, etc 378 

Notes 388 

• NEW YORK: 

D. APPLETOffcf AND COMPANY, 

649 A 561 BROADWAY. 

1877. 

■I* I I ■ I . , I I ■ — - ■ ' ■ ■, 

BllMVS, aooording to Act of ^/ongress, hi the year 1S77, hy P. A»>lkton ^ Co^ in the Office of the tihrSHali 

of OoDg^e8^ at War'^'-^^ 



ogress, at Washington. 
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BEST HOLIDAY GIFT, 

AND 

AN INDISPENSABLE REQUISITE 



-FOB EVERY- 



Teacher, Advanced Student, Intelligent FamUy, 

ni BESf IHSMSl lEif EiHAlX 




"The best pbactical English Dictionary extant." — London 
Quarterly 'JReview, Oct.^ 1873. 

From the Chief-Justice of the United States. 

Washington, D. C, Oct. 25, 1876. — The book has become indispensable to every 
student of the English language. A Law Library is not complete without it, and the 
Courts look to it as of the highest authority in all questions of definition. — Morrison R. 
Waite. 

FOUR PAGES COLORED PLATES. 

PubUshed by G. &D C MERRIAM, Springfield, Mass. 

Sold by all Booksellers. 

GOODYEAR'S POCKET GYMNASIUM, 

OB 




PULL. 




A SYSTEM OF EXERCISE FOR THE 
100,000 IN USE BY MEN, WOMEN, AND CHILDREN. 

USED BTAXfDIHO, BRTDrO, OB BSOLnnKO. 

Eundrecis of CfraetftU Movements. Oombinee Active and Passive, 
RBCOMISKNDIBB BT PM-rSICIANS OF Alili SCHOOIiS. 

PRICE LIST.— No. 1, tor Children 4 to 6 years, $1.00. No. 2, for Children 6 to 8, $1.10. No. 8, for 
ChUdren 8 to 10, $1.20. No. 4, for Children 10 to 14, $1.80. No. 5, for Ladies and Children 14 years and 
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THE EAELIER FORMS OF LIFE. 

By PaoFissoB C. H. HITCHCOCK, 

STATS eXOLOeiBT OF VXW HAXP8HIBX. 

THE sarmises and discoveries of the past twenty years have estab- 
lished the fact of the existence of life throughout the entire se- 
ries of stratified rocks known to geologists, both sedimentary and 
metamorphic. When Principal Dawson published his description of 
the EozoCn in the Laurentian foundations, he was led to suggest the 
adoption of the term JSozoic in place of Azoic for all the ages, older 
than Paleozoic, since, if life existed in the oldest formation, it must 
have continued to flourish in the following aeons, even though evi-^ 
dences of its presence had not then been accumulated. Time has ap 
proved of this sagacious anticipation, and we can now maintain with 
serene confidence that the four great Eozoio periods — ^Laurentian, 
Labrador, Atlantic or Montalban, and Huronian — were all enlivened 
by the existence of both vegetable and animal life. And Eozoic life had 
its peculiar characteristics just as much as the Silurian or Carboniferous. 
This life has appeared in consonance with the general principles of 
evolution as announced by our most learned sages. The earliest or- 
ganic forms were the simplest in their structural relations ; and they 
flourished through untold ages. • The world was no .longer young 
when the organic scheme permitted the growth of Cambrian trilobites 
^nd mollnsca. More than half of geological time had passed away 
during the reign of protozoans and fungi. This suggests the enun- 
ciation of a general principle, in perfect agreement with the doctrines 
of evolution : the simpler the predominating forms of life the longer 
the period. In the beginning of Nature's operations, time was the 
element of which lavish use was made. It has grown more valuable 
as the ages have passed on, and the perfected type of organic develop- 
ment in our period grudges the loss of a single moment of it. 

The evidences of the earlier forms of life naturally divide them- 

VOL. X — 17 ^ J 

Digitized by LjOOQ IC 



258 THE POPUXAR SCIENCE MONTHLY. 

selves into two groups, or those relating to plants and animals, which 
we will consider in their natural order : 

EviDBNCBS OF Plant-Lipb. — hn interesting evidence of the exist- 
ence of vegetation in Eozoic times is derived from the presence of 
iron-ores, an argument first set forth by Sterry Hunt. The ores are 
first formed in the hydrated condition, and then lose their water by 
metamorphic agencies, becoming specular and magnetic, or the state 
in whi'3h the Laurentian irons are now known. Ores of iron are con- 
ceived to have been formed under similar conditions in all ages. At 
the present day they accumulate in swamps and lo\^ grounds in the 
condition of the hydrated peroxide (ferric), or bog-ore, oftentimes in 
company with manganese. The presence of organic vegetable matter 
is requisite in order to extract the iron from the rock or soil and effect 
its deposition. The metal present in slight amount in the soil is the 
insoluble ferric oxide, or the familiar condition of iron-rust. Water 
charged with soluble vegetable infusions, like that in swamps too full 
of the disagreeable extract of leaves, etc., to be palatable, has the 
power of dissolving feriic oxide. The process consists in the removal 
of a part of the oxygen by the vegetable compound, or deoxidation, 
when the compound becomes changed into the readily-soluble ferr^ons 
oxide. But this is not a stable compound in the presence of our at- 
mosphere. The rejected oxygen is brought back again, and in its 
recombination takes water with it, producing the hydrated ferric ox- 
ide, which, being insoluble, is precipitated, and covers the ground on 
the bottom of the pool. On visiting almost any swamp at the pres- 
ent day, this reddish-brown coating of hydrated iron-rust may be 
seen abundantly. Where streams of water cause the swampy water 
to flow to lower regions, the iron ^compound is also conveyed in sus- 
pension, and in the course of a few years a thick deposit of ore is ac- 
cumulated. Our New England ancestors used these beds for the 
manufacture of their pig-iron in localities where only the name now 
exists for the village, such as the Tamworth or Gilmanton Iron-Works. 
All tradition of the manufacture there has disappeared. The Katah- 
din Company, in Maine, however, and some others, still derive their 
ore-supplies from this bog-compound. 

Our theory supposes that the principal iron-ores in every age of 
the world had their origin in this way. There is no other agent 
save this organic extract which produces iron-ore. on a large scale at 
the present day ; hence it is rational to explain the origin of ancient 
ferruginous beds in the same way. If we examine the formations in 
order, we find the very ores themselves obviously thus accumulated : 
1. There are the early Tertiary limonite beds of Western New Eng- 
land, New Jersey, and Pennsylvania, still scarcely removed from the 
bog form, with the accompanying clays. 2. There .are the older Car- 
boniferous nodules and the celebrated Clinton hematites, differing 
from the limonites only by the absence of water. 3, The specular 
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Huronian ores of Lake Superior have the same composition as the 
Silurian deposits. Lastly, the Laurentian magnetites constitute the 
other extreme of the ferruginous series. Both the water and a part 
of the oxygen have disappeared, leaving a compound richer in metal, 
and therefore more highly prized hy the smelter. The application of 
a gentle, continuous heat is adequate to explain the change of the 
limonites into hematites and magnetites. 

The process of change may be seen in the manufacture of common 
bricks, or the purification of quartz for the production of glass. The 
blue clay becomes red when burned, because it parts with its water 
of composition ; and likewise the small percentage of hematite in the 
quartz becomes magnetic on the application of heat, and, after pulver- 
ization, has the iron removed by magnets, so that the silica-flour may 
be perfectly pure, and not impart a green tint to the glass. Jt is not 
maintained that the native limonites have been converted into mag- 
netites in precisely the way in which the same results have been ac- 
complished artificially ; but the manipulation of the manufactured 
products shows that the metamorphosis is a feasible process, and by 
no means of difficult accomplishment in Nature. 

In a review of a report by the author, in which this theory of iron- 
ore origin is elucidated. Prof. Dana objects * to its value, because 
** carbonic acid, which does now some of the work of iron-transporta- 
tion, may have done far more then," on account of its presence in the 
atmosphere in great abundance. No doubt exists as to the assistance 
afforded by carbonic acid in this work, but this fact only confirms the 
truth of our argument, since no chemist will allow that carbonic acid 
can remove the iron-rust from the soil without the help of some deox- 
idating agent, such as vegetation. The chemical change for which we 
require the presence of vegetation is the same, whether carbonic acid 
be involved or not. Indeed, an excellent authority for the form in 
which this change is effected is the professor's own treatise on miner- 
alogy,' where he says, "The iron is transported in solution as a jt>ro<oa>- 
ide carbonate in carbonated waters, a sulphate, or as a salt of an organ- 
ic acid." Each of these methods requires the presence of a deoxidat- 
ing agent like vegetation ; and nothing better has yet been suggested. 
The iron-ores produced by volcanic ejections are of very limited 
amount, and mingled with too much dead rock to be capable of utili- 
zation. Nor does the suggestion of the decomposition of pyrites by 
atmospheric agents to form limonite necessitate the origin of all iron- 
ores in that way. 

Accepting the validity of the argument, it follows that vegetation 
must have been extremely abundant in the Laurentian and Huronian 
ages on account of the presence in them of enormous deposits of iron- 
ores, as on Lake Superior, in the Adirondacks, Missouri, etc. Some 
of the beds are hundreds of feet in thickness. 

' American Journal of Science^ iii., vol. ix., p. 223. • Fifth editioD, p. US, 
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The presence of graphite, or plumbago, in the Eozoic rocks is by 
many regarded as a still stronger argument for the former existence 
of vegetation. As graphite is nearly pure carbon, it is easy to be- 
lieve that it has accumulated from the remains of plants. Greater 
changes have been effected in its mass through metamorphism than 
in the alterations of the ore-beds. No traces of vegetable structure 
have yet been detected in graphite, so that no evidence as to the na- 
ture of the earliest plants can be afforded from morphology. 

JSTatubb of the Eozoio Floea. — ^What species of vegetation can 
we imagine to have existed in these early periods ? Possibly we may 
derive a hint as to its nature from the general course of plant-devel- 
opment in later ages, and assume that there has been a correspondence 
between the order in which the different classes have appeared and 
their successive stages of complexity of structure. The simpler forms 
should appear first ; or, reversing the statement, if we find a succession 
of all the higher forms of growth in later times, it is reasonable to 
expect in the still earlier periods larger developments of the inferior 
cryptogams, such as now play a comparatively insignificant part in 
the economy of Nature. Their easy decomposition would prevent 
the preservation of their specific shapes as fossils. 

To particularize, we have among the lower orders of terrestrial 
vegetation the lichens, by some thought to be the parent of the fungi 
and algsB, since they can be resolved into two different plants, a fun- 
gus parasitic upon an alga ; the mushrooms, puff-balls, mildews, blight, 
or fungi ; the hepaticse, and mosses. Of aquatic vegetation there are 
the numerous protophytes, the diatoms, with their siliceous shells ; 
the desmids, the coccoliths, with their lenticular calcareous disks; 
the nullipores and corallines, making calcareous incrustations; and 
the great family of Algse, simple, branched, and confluent. These 
afford us abundant material from which we may reconstruct the 
Eozoic meadows, forests, and submarine carpets. 

The present system of plants seems to have originated in the Cre- 
taceous period. The older Mesozoic gives us the cycads and tree- 
ferns, like those of the Asiatic tropics. The Paleozoic formations 
furnish a unique assemblage of combined cryptogamous and pheno- 
gamic nature of types not now existing. Granting that the two 
divisions of the plant kingdom are of equal importance in the line 
of development, we find ourselves in Silurian times only half-way 
back to the starting-point. If the Cambrian should furnish us 
with representations of the mosses and lichens, we might expect in 
Eozoic times some of these, together with the protophytes, etc., in 
order to complete the systematic and orderly development of the 
plant kingdom in time. Furthermore, the later ages have afforded 
gigantic representations of the higher orders. Why, then, should not 
the Eozoic land have had its forests of mushrooms and arborescent 
lichens ; its swamps of diatoms, confervje, the charse and desmids, 
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and enormous aquatic growth of algse, coccoliths, nullipores, and cor- 
allines ? If we grant that the parasitic fungi could not exist for want 
of their proper organic food of higher organization, there are still 
enough forms remaining to take their place, and thus afford us a 
symmetrical development of all the phases of vegetable growth in the 
enormous periods when the simplest organic structures ruled the 
world. 

Evidences of Animal Life. — ^It has been argued by high au- 
thority that the existence of carbonate and phosphate of lime suggests 
the presence of animal life in the Lauren tian seas, because at the 
present day these mineral substances are principally derived from 
organic secretions. The graphite may also have been partly of ani- 
mal derivation. There is as much carbon in the Laurentian as in the 
Paleozoic Carboniferous. But these indications need not be dwelt 
upon, since recent discoveries have brought to light the actual relics 
of protozoans preserved in stones of Laurentian age. These are so 
convincing that the discussion of probabilities derived from rocks of 
supposed organic origin need not be dwelt upon. The organism has 
the name JEJazodn Canadenae^ the daton-animalj inhabiting the Cana- 
dian district. 

Several names are connected with the discovery of this £k>zodn 
from Ontario and elsewhere. Dr. Wilson, of Perth, sent specimens of it 
many years since to Sir William E. Logan, Director of Canadian Geo- 
logical Survey, in which Dr. Sterry Hunt found a new hydrous sili- 
cate, which he called Loganite. In 1858 J. McMuUen brought speci- 
mens which reminded Logan of the Stromatopora of the Silurian. 
They were examined by various scientists, and in 1865 a composite 
paper upon the geology, paleontology, and mineralogy of the fossil 
appeared in the journal of the Geological Society of London, prepared 
by Messrs. Logan, Dawson, Carpenter, and Hunt. Soon after- Ven- 
nor discovered other specimens in the Montalban of Tudor, Ontario ; 
Gilmbel recognized it in both the Laurentian and Huronian in Bava- 
ria; Bicknell and Burbank discovered it in Laurentian limestones at 
Newbury and Chelmsford, Massachusetts ; and Edwards described it 
from the Adirondacks in New York. Scientists have not universally 
accepted the genuineness of this fossil. I will endeavor to present a 
brief sketch of the nature of the organism before stating their objec- 
tions. 

This animal structure belongs to the subkingdom Protozoa, a 
unique and inferior group of organisms. These animals are distin- 
guished by possessing no alimentary cavity, or, if a stomach be pres- 
ent, it is not bounded by any walls. The three divisions, using the 
classification adopted by Dawson, are : the RhizopodSj Sponges^ and 
Jnfusoria. The first is the lowest, including all the sarcodous ani- 
mals whose only external organs are pseudopodia. The rhizopods 
are divided into the ReticiUaria or Foraminifera^ possessing thread- 
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like and reticulating pseudopodia with granular matter instead of a 
nucleus, and with calcareous, membranous, or arenaceous skeletons ; 
the Radiolaria and Loboaa^ the first being the lowest, and embracing 
Eozo5n. The reticularia may be still further divided into two sub- 
orders. Perforata and Imperforata^ the first having calcareous skele- 
tons penetrated with pores. This is the higher one, and holds Eozo5n. 
Of the three families NummiUinidoBy Globigerinidce, and Lagimdoe, 
£ozo5n belongs to the first and the highest in rank. It is not strictly, 
then, the lowest of the animal kingdom, though very near to it. 
Fig. 1 shows several species of the foraminifera. 




Pig. 1.— Rhkopods. 
a, Orbulioa nniversa ; b^ Globigerina rubra ; Cy Chryealidina gradata ; d, Ooneolina pavonia ; 
6, QrammoBtomiiin pby] lodes ; /, Rotalia globoBa ; g^ Flal^llina rngosa ; A, Frondicularia 
anuulariB ; i^ NummoliteB nummalaria. 



The animal part of the rhizopods is a gelatinous body called sar- 
code, a bit of scarcely-organized protoplasm. Food is taken in through 
the outer wall, and is made into small pellets, which are surrounded 
by a digestive fluid in extemporized 'stomachs. Minute granules move 
about the interior, perhaps the substitute for a circulating fluid ; and 
the outer wall can be moulded into the long processes called pseudo- 
podia, used for locomotion and prehension. When these rhizopods 
secrete stony niatter for a covering, the interior is the same structure- 
less mass ; but the shells assume characteristic forms for the different 
varieties. The OrhuUna consists of a single cell with one orifice, 
but permeated by numerous microscopic pores, through which the 
protoplasmic material can ooze and form the pseudopodia. In the 
Glohigerina and other genera there are several cells agglutinated 
together, all communicating with one another. In many species the 
thiji cell-wall is inadequate for the wants of the structure, and an ad- 
ditional growth or " supplementaiy skeleton " is added, traversed by 
tubes larger, longer, and more branched, than in the first. In the 
ocean these minute creatures swarm in astonishing numbers, and 
their remains accumulate at the bottom, commingled with a paste 
of still more minute coccoliths and calcareous debris to form the ooze 
brought up in the sounding-lead from the telegraphed plateau. When 
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this calcareous mixture becomes solidified it is the chalk which 
abounds in the Cretaceous formation of Europe, and makes up the 
nummulitic and orbitoidal limestones. 

Fig. 2 is a close copy of a small slab of Eozoon, showing what are 
called the laminated, acervuline, and fragmental portions. The 
diagonal white line represents the course of a vein of calcite. The 
dark lines and marks correspond to the sarcode or animal matter of 
the animal, now consisting of serpentine. Calling the base of the 




Fig. 2.— Natube-Pbint of EozoOn. (Dawson.) 



figure the ocean-floor, there may be said to grow upon it the gelatinous 
sarcode or dark mass. Upon it grew first the delicate calcareous shell, 
penetrated by the numerous minute orifices or tubuli, larger pores, 
and occasionally supports of perpendicular plates. Added to this is 
the supplemental skeleton without the minute tubuli, but traversed 
by branching canals. This whole skeleton is represented by the 
white mass next the dark base, consisting of calcite. These two lay- 
ers or laminae constitute the essential part of the structure, and all the 
numerous layers above are but repetitions of them. Each lamina may 
cover several inches square of surface at the bottom of the ocean, and 
perhaps diminish in size as the organism grew upward. In the sketch 
the layers are seen to grow thinner toward the top, as if the vital 
energy became exhausted by the demands made upon it, and the sup- 
plemental skeleton first disappears. Finally, we have a mass of 
rounded chambers irregularly piled up near the top, constituting the 
" acervuline ■* structure. We may suppose the growth arrested at 
this stage, and the sending forth of reproductive germs to found new 
colonies in the adjacent ground. 
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In Fig. 3 we have an enlarged restoration, after Dawson, of a por- 
tion of the Eozoon structure, which will enable us to better appre- 
ciate the several parts of the organism. The dark, granulated layers 
at the base and at intervals Ligher up constitute the chambers, and con- 
tain the sarcode or gelatinous animal matter. Immediately above and 
below each dark layer is the thin calcareous shell penetrated by the 
minute orifices or tubuli. The white spaces represent the supple- 
mentary skeletons traversed by the larger canals. At the summit the 
sarcode is developed into several pseudopodia or cilia, by means of 
which food is brought to be assimilated. 




Fig. 8.— EozodN bbstored. (After Dawson.) 

In Fig. 4 we have a portion of Eozoon magnified one hundred diam- 
eters, drawn by Carpenter. The upper covering (a a) represents the 
original cell-wall penetrated by the tubuli or pores in great abun- 
dance.. A bit of this is still more magnified in 2, by the side of the 
first, seemingly consisting of an upper and lower part. The greater 
part of the sketch consists of the supplemental or intermediate skele- 
ton, traversed by two kinds of canals (5, c), of much larger size and 
greater irregularity than the tubulation of the cell-wall. 

The arrangement and composition of the mineral matter of the 
Eozo5n is quite interesting, and the more remarkable since it has 
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awakened hostile criticism and resulted in illustrating the presence of 
silicates in organisms in every age of the world. Formerly it was 
believed that carbonate of lime was the principal mineral found replac- 
ing organic substances, thus producing petrifactions. Now we have 
iron oxide, silica, clay, sand, sulphuret of iron, ores of copper, lead, 
etc., fluor-spar, heavy spar, phosphate of lime, all unmistakably occu- 




Fig. 4.— Pobtion of £ozo<)n vagnitied 100 Diaxstbbs. (After Carpenter.) 
a a, Original cell-wall with tubulation ; b c^ Supplementary ekeleton, with canals ; 2. Portion of 

a a magnified. 



pying the place of decomposable organic material. And the discus- 
sions about Eozoon recall and enforce facts about the employment of 
silicates by Nature to preserve her structures, especially in foraminif- 
eral forms. In New Jersey there are beds of green-sand of Cietaceous 
and Tertiary ages full of concretions composed of a silicate of iron and 
potash called glauconite. Owing to its value as a fertilizer, thousands 
of tons of it are annually employed by the farmers to enrich their 
lands. This silicate has replaced modern organic structures of various 
kinds, but noticeably corals, echinoderms, nummulites, and other rhi- 
zopods. The fine tubulation and pores of these microscopic structures 
have been penetrated by the silicates, so that^ when the calcareous 
parts have been removed by acid, the insoluble glauconite residue 
shows us the forms of the chambers and cavities. This process of the 
infiltration of organisms by glauconite was known long before the dis- 
covery of Eozoon. It goes on at the present day at the bottoms of 
the warmer seas, as evidenced in the facts discovered by the numerous 
deep-sea dredgings recently undertaken in the interests of science. 
Dr. Hunt suggests that the mineral is developed through chemical 
reactions in the ooze at the sea-bottom, a combination of dissolved 
silica with iron put into the ferrous soluble condition by means of or- 
ganic matter. 
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Hydrous silicates act as mineralizers elsewhere than in the green- 
sand. Crinoidal joints from the Silurian limestones of New Brunswick 
have been saturated by it, filling all the interstices, and small mollusks 
from Wales have had their interior permeated by it. There is much 
variation in the composition of these infiltrating silicates. Some from 
the calcaire grossiery near Paris, approach serpentine. Others carry 
magnesia. Those from the Lower Silurian of the Fpper Mississippi 
Valley are like glauco'nite. In the Eozo5n, as described above, ser- 
pentine, which is a hydrous silicate of magnesia, replaces the supposed 
sarcodous or animal part of the structure. It has thus corresponded 
to the glauconite of the present day filling the canals of the supple- 
mentary skeleton, the tubuli of the shell, and replacing the softer ani- 
mal portions. Pyroxene and Loganite also replace the animal matter 
in the Canadian Laurentian fossils, and in the Eozoon discovered in 
the supposed Montalban series of Ontario carbonate of lime is the min- 
eralizer. These last-named specimens were not described till 1867 ; 
and, as they exhibit the foraminiferal structure without the presence 
of any form of silicate, they completely establish the genuineness of 
the fossil. In Bavaria Giimbel states that chondrodite, hornblende, 
and scapolite, and perhaps other minerals, should be added to the list 
of silicates petrifying the Eozoon. 

The objections that have been made to the organic character of 
Eozo5n relate chiefly to the close resemblances between mineral and 
organic replacement, or between pseudomorphs and petrifactions. 
Other resemblances are to dendritic and concretionary structures. In- 
asmuch as these structures represent the higher efforts of the mineral 
kingdom in crystallization and the nearest approach to the inorganic 
world allowed by animal forms, it is not strange that the two extremes 
should resemble each other sufficiently to deceive practical observers. 
The canal system may be almost the very picture of certain dendrites. 
The latter, however, usually occupy a flat surface like moss-agates ; 
whereas the former branch out in every direction, as appears in Fig. 
5, projecting upward and downward, as well as sideways. 

Organisms are preserved because of the more or less complete sub- 
stitution of mineral for animal matter. Pieces of coal or wood that 
have been deposited in clay may be washed out, but the small pores 
and interstices will be seen to be filled with the matrix. When the 
burial has been in a solution capable of precipitating solid matter, the 
wood will be found more or less changed according to the nature of 
the solution and its capacity for alteration. Some specimens become 
nearly pure agate in consequence of the gradual substitution, particle 
by particle, of the organic matter by silica. Fig. 6 shows different 
stages of petrifaction in coniferous wood : a is a small fragment where 
the pores have been filled with silica, assuming a somewhat rhomboidal 
appearance, and the black parts represent the woody substance, still 
intact ; in b the vegetable matter is wanting, having rotted away, 
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and only silica remains, the rhomboidal pieces being the only remnants 
of the original structure. The Eozoon has not been so completely 
fossilized as in the example of coniferous wood. The cell-wall and 
supplementary skeleton still retain much of the original lime, while 
the animal part has been entirely replaced by serpentine or some other 
mineral. Subsequent pressure or desiccation has produced cracks in 
the mass, which have been filled with an asbestus-like mineral of silky 
lustre, and this has sometimes been confounded with some part of the 
animal by objectors. a I 




Fig. 5.— Canals oi' EozoOk, highly 

MAGNIVIBD. 




Fig. 6.— Coniferous Wood, illubtbating Fossil- 

IZATION. 

a, Partially mineralized, the wliite spaces being sil- 
ica, the black vegetable matter ; b^ Vegetable 
matter removed by decompoMition, leaving oat- 
line of the fui-ms of the original pores. 



Few special subjects have been so carefully studied as the genuine- 
ness of Eozoon. The treatises of Logan, Dawson, Carpenter, and 
Hunt, admirably set forth every possible phase of geological position, 
intimate zoological structure and affinity, mineral character both ori- 
ginal and derived, and the conditions of origination. The elaborate 
papers of the objectors, Messrs. King, Rowney, Carter, Burbank,' and 
others, show what the weaker positions are, and have enabled the advo- 
cates to satisfactorily fortify the less defensible points of their argu- 
ments. Every new discovery seems to aid the defenders, while the 
philosophy of evolut;ion is in harmony with the existence of a long 
Eozooic age where the predominant life is scarcely elevated above the 
working of crystalline forces. 

HuBONiAN Life. — Gttmbel has described a species of Eozoon from 
the supposed Huronian rocks of Bavaria. In thi^ country Billings 
has mentioned the occurrence of an Aspidella and Are^iicolites from a 
series of Newfoundland rocks called " Intermediate," most probably 
of this age. The Aspidella bears some resemblance to the limpet-shell 
or Pdtellay while it may have been some variety of crustacean. The 
Arenicolitea is a petrified worm-burrow. 

But the specimens of greatest interest are those brought to light 
the present year by Mr. George W. Hawes from the Huronian of 
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New Hampshire.* The racks have been carefully studied stratigraphi- 
cally and lithologically, so that their place in the column is well under- 
stood, and the fossil is so allied to the Eozo5n as to abundantly con- 
firm all that has been held for it by its warmest advocates. 

As a matter of convenience Mr. Hawes proposes to call the group 
of rocks affording these organisms greenstones^ in allusion to their 
color. They have not been melted like a certain class of traps once 
called by this name, but have been metamorphosed somewhat ; they 
embrace most of the chloritic and talcose schists, or, technically, " all 
basic metamorphic rocks whose predominant coloring ingredient is 
either hornblende, pyroxene, or chlorite." Those of special interest to 
us now are varieties of diorite and diabase, the first consisting mainly 
of hornblende and feldspar, the second adding labradorite to the con- 
stituents of the first-named rock. These rocks by many authora are 
regarded as of igneous origin. 




Fio. 7.— Protozoan Fossil, pbobablt Stbokatopoba, fbov Ck>NinicncuT Lake, N. H. 

The method of examination employed in determining the composi- 
tion of these greenstones is of some interest. A bit of the specimen 
is carefully ground to the thinnest dimensions possible, so that it can 
be examined optically under the microscope. With common and 
polarized light it is possible to understand the nature of the minutest 
minerals present, as well as the cavities contained in them. The study 
of rocks in this way has been prosecuted so energetically of late, that 
it is common to speak of the sub-sciences micro-lithology, micro- 
petrology, etc., and the appearances ol every mineral are now well 
understood by those skilled in observation, so that the conclusions are 
often more reliable than those obtained by ultimate chemical analysis. 
Mr, Hawes combines in his studies the use of the microscope and chem- 

' American Journal of Science, iii., voL xii., p. 134. 
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ical analysis, so that whatever cannot be determined in Uie one will be 
ascertained by the other method. 

He was accordingly gratified to recognize in one of his rock-sec- 
tions the fragment of a rhizopod. The structure has some resem- 
blance to the acaleph Chastetea^ but on account of the minuteness of 
the layers it should be classed with the rhizopods, reminding one very 
much of the Stromatopora. Figs. 7 and 8 illustrate these organisms 
magnified thirty-five diameters, thus making the breadth of the cells 
only -^ of an inch. The smaller figure is probably a section of the 




Fia. 8.— Pbotozoan Fossil, tbox Hanoveb, N. H. 

same rliizopod, cut in a different direction. The rock holding these 
fossiliferous bits is diabase, a variety common between Connecticut 
Lake and Bellows Falls, both in New Hampshire and Vermont. 

. Since the naming of Stromatopora by Goldfuas fifty years since, 
naturalists have separated the acaleph structures from the true corals, 
but this genus is generally regarded as different from either of them. 
Prof. Hall described it as a polyp-coral in his "Paleontology of New 
York," but would not so regard it now. The most common form of 
it, as figured by him, is herewith presented (Fig. 9), from the Niagara 
limestone of Lockport, occurring in masses one or two feet in diam- 
eter. It is a protozoan coral, assisting in the work of reef-building, 
however, as much as the polyp-structures. By way of comparison 
we add a figure of a bryozoan moUusk (Lichenalia concentrica)^^ 
from the same formation and locality with the Stromatopora (Fig. 
10). The relations of our new specimens are rather with the first of 
these forms, and will probably be described hereafter as species of 
Stromatopora, 

It is an interesting fact that these " layer corals " have impressed 
the minds of all students of the Eozo5n by their resemblances to the 
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dawn-animal. Logan speaks of it in his first remarks upon them, 
referring more particularly to their weathered outcrops and somewhat 
concentric structure ; while Dawson sees much in their internal organi- 
zation suggestive of a fitness for foraminiferal requirement. The 
layer seems better arranged for sheltering a gelatinous body, throwing 
out pseudopodia reaching after food, than for accommodating the 

1 






Fig. 9.— Stbovatopoba Conoektbioa. (Qoldf.) 



1. Sur&ce of a small hemispheric mass, showing the edges of the thin laminse unequally weathered, 

natural size. 

2. Magnified portion, showing weathered edges of saccessiye laminae, which are indented by pores. 

3. More highly-magnified portion of the specimen, showing the walls and tubnlaiion. 



Sponge animals, subsisting through the passage of currents of water. 
The canal system, with the supplemental skeleton, is wanting in this 
genus, but appears in the allied forms of the Devonian, 

A very important feature of the greenstone fossils is their mineral 
composition. They are composed of silicates, very probably of feld- 
spar. Mr. Hawes has not been able yet to satisfy himself fully as to 
•the nature of the silicate, because of the smallness of the particles 
obtained. A drop of acid placed upon one of the specimens exhibited 
a slight efi^ervescence, indicating the traces of carbonate of lime — 
perhaps part of the original foraminifer before its fracture and disper- 
sion in the mud. He suggests that'the presence of these lime-struct- 
ures afforded the material for the manufacture of so much labradorile 
in the diabases containing the fossils. 
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I cannot forbear alluding to the interesting confirmation of the 
genuineness of Eozoon afforded by the discovery of these Huronian 
fossils in New Hampshire : 1. £ozo5n sprung upon us with affinities 
rather remote from existing forms, but the Stromatopora has been 
known for fifty years as a veritable organism. 2. The latter has the 
same silicated condition with the former ; hence we cannot set aside 
Eozo5n merely because the supposed animal parts have been infiltrated 

1 




PlO. 10.— LlOHENAUA CONCBHTRIOA. (Hall.) 

1. A nearly perfect flrond. 

2, 8. BnlargementB of the non-cellaliferoue eide, showinfir the form and arrangement of the 

stigmata. 



by a silicate. A well-known organism is proved to be silicated ; hence 
all presumption against the existence of the same mineral condition in 
a related animal is removed. 3. Stromatopora is zoologically allied 
to EozoSn. 4. It appears in a subsequent period, showing a natural 
order of development. 6. Stratigraphical and petrographical studies 
prove the greenstones to satisfactorily belong to the true Huronian 
formation, and thus make the sequence of life free from ambiguity. 

Eozoic Geography. — Such vast periods are necessarily involved 
in those early stages of the earth's growth, that we cannot portray 
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Eozoic scenery as a whole ; while an artist would find material for 
only one sketch. At the first we must conceive of an earth with a 
larger diameter than is now accepted as the standard for the metric 
system of measures ; of a shallow ocean covering the greater portion 
of the surface, interspersed with numerous islands, scattered every- 
where without any method of arrangement that we imderstand. In 
the areas marked as Eozoic upon our maps, accumulations of strata 
were going on, of enormous thickness. We cannot recognize now 
the original land which supported the primeval vegetation, but can 
conjecture the boundaries of the contiguous oceans. In the latter 
part of the period the areas of deposition occupied basins situated 
within the limits of the earlier-formed rocks, being usually the deeper 
portions of the original oceans. Ridges between the water-basins 
resulted from the slow elevation of the land, the nuclei of great 
mountain-ranges, and there were ejections of melted matter, with 
marvelous alterations of sediments deep down beneath the surface. 

Respecting the age as a whole, we may say that the waters were 
probably somewhat thermal, still simmering from the proximity of 
the heated Interior ; the air was thick and moist, partly composed of 
carbonic-acid gas ; the sky was filled with dense clouds, marking the 
transition of day and night by periods of total darkness and seasons 
of feeble illumination, not permitting sunshine to cheer the vegeta- 
tion. The life was characterized by its lowness of grade ; the terres- 
trial plants hardly suitable for the food of air-breathing animals ; the 
marine largely of the lime-secreting varieties and unicellular diatoms. * 
The animals colonized the bottoms of the oceans, building up enor- 
mous reefs, but invisible to sight, if any one could have been per- 
mitted to look upon the infant world. 



THEORIES OF PRIMITIVE MARRIAGE.' 

By HERBERT SPENCER. 

IN" his ingenious and interesting work on "Primitive Marriage," 
the words "exogamy" and "endogamy" are used by Mr. 
McLennan to distinguish the two practices of taking to wife women 
belonging to other tribes, and taking to wife women belonging to the 
same tribe. As explained in his preface, his attention was drawn to 
these diverse customs by an inquiry into " the meaning and origin of 
the form of capture in marriiage ceremonies ; " an inquiry which led 
him to a general theory of early sexual relations. The following out- 

* From advance-sheets of Spencer's " Principles of Sociology," Part " The Domestio 
Relations," chap, iy., " Exogamy and Endogamy." 
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line of his theory I disentangle, as well as I can, from statements 
that are not altogether consistent. 

Scarcity of food led groups of primitive men to destroy female 
infants ; because, " as braves and hunters were required and valued, 
it would be the interest of every horde to rear, when possible, its 
healthy male children. It would be less its interest to rear females, 
as they would be less capable of self-support, and of contributing, by 
their exertions, to the common good " (p. 165), 

Mr, McLennan next alleges that " the practice in early times of 
female infanticide,'* " rendering w;omen scarce, led at once to poly- 
andry within the tribe, and the capturing of women from without " 
(p. 138). 

Joined with a restatement of the causes we come upon an inferred 
result, as follows : " The scarcity of women within the group led to a 
practice of stealing the women of other groups, and in time it came 
to be considered improper, because it was unusual, for a man to marry 
a woman of his own group" (p. 289). Or, as he says on p. 140, 
"usage, induced by necessity, would in time establish a prejudice 
among the tribes observing it (exogamy) — a prejudice, strong as a 
principle of religion, as every prejudice relating to marriage is apt 
to be — against marrying women of their own stock." 

To this habitual stealing of wives, and restealing of them, a^ 
among the Australians (p. 76), he ascribes that doubtful paternity 
which led to the recognition of kinship through females only. 
Though elsewhere admitting a more general cause for this primitive 
form of kinship (p. 169), he regards wife-stealing as its most certain 
caus'e , saying that " it must have prevailed wherever exogamy pre- 
vailed—exogamy and the consequent practice of capturing wives. 
Certainty as to fathers is impossible where mothers are stolen from 
their first lords, and liable to be restolen before the birth of children " 
(p. 226). 

Assuming the tribes which thus grew into the practice of wife- 
stealing to have been originally homogeneous in blood, or at least to 
have supposed themselves so, Mr. McLennan argues that the introduc- 
tion of wives who were foreigners in blood, joined with the rise of 
the first definite conception of relationship (that between mother and 
child) and consequent system of kinship exclusively in the female 
line, led to recognized heterogeneity within the tribe : there came to 
exist, within the tribe, children regarded as belonging by blood to 
the tribes of their mothers. Hence arose another form of exogamy. 
The primitive requirement that a wife should be stolen from another 
tribe, naturally became confounded with the requirement that a wife 
should be of the blood of another tribe ; and hence girls bom within 
the tribe, from mothers belonging to other tribes, became eligible as 
wives. The original exogamy, carried out only by robbing other 
tribes of their women, gave place, in part, or wholly, to the modified 
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exogamy carried out by marrying, from within the tribe, women bear- 
ing family names which implied that they were foreign in blood. 

In tracing the development of higher forms of the domestic rela- 
tions, Mr. McLennan postulates, as we have seen, that the scarcity of 
women " led at once to polyandry within the tribe, and the capturing 
of women from without." Describing and illustrating the different 
forms of polyandry, ending in that highest form in which the hus- 
bands are brothers, he points out that at this stage there arose recog- 
nition not only of descent in the female line, but also of descent in 
the male line ; since the father's blood was known, if not the father. 

Then through gradually-established priority of the elder brother, 
as being the first of the group to marry, and the first likely to have 
children, it became an accepted fiction that all the children were his : 
"the elder brother was a sort oi paterfamilias ;^^ and "the idea of 
fatherhood " thus caused was a step toward kinship through males, 
and " a step away from kinship through females " (pp. 243, 244). 

Pointing out that among some polyandrous peoples, as the Kan- 
dians, the chiefs have become monogamists, Mr. McLennan argues 
(p. 245) that their example would be followed, and " thus would arise 
a practice of monogamy or of polygamy." And he thence traces the 
genesis of the patriarchal form, the system of agnation, the institu- 
tion of caste. 

Though this outline of Mr. McLennan's tlieory is expressed, where- 
ever regard for brevity permits, in his own words, yet possibly he 
may take exception to it , for, as already hinted, there are incongru- 
ities in his statements, and the order in which they are placed is in- 
volved. That many of the phenomena he describes exist, is beyond 
question. It is undeniable that the stealing of women, still habitual 
with sundry low races, was practised in the past by races now higher; 
and that the form of capture in marriage ceremonies prevails in so- 
cieties where no real capture occurs at present. It is undeniable that 
kinship through females is, among various primitive peoples, the only 
kinship avowedly recognized ; and that it leads to the descent of 
name, rank, and property, in the female line. It is undeniable that in 
many places where wife-stealing is, or has been, the practice, marriage 
is forbidden between those of the same family name, who are assumed 
to be of the same stock. But while admitting much of the evidence, 
and while accepting some of the inferences, we shall find reason for 
doubting Mr. McLennan's theory taken as a whole. Let us consider, 
first, the milior objections. 

Sundry facts inconsistent with his conclusion, though referred to 
by Mr. McLennan, he passes over as of no weight. He thinks there 
is warrant for the belief that exogamy and wife-capture have " been 
practised at a certain stage among every race of mankind " (p. 138) : 
this stage being the one now exemplified by sundry low races. Nev- 
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ertheless, he admits that " the separate endogamous tribes are nearly 
as numerous, and they are in some respects as rude, as the separate 
exogamous tribes" (p. 145). Now, if, as he believes, exogamy and 
wife-stealing have " been practised at a certain stage among every 
race of mankind" — that stage being the primitive one — and if, as he 
seeks to prove, endogamy is a form reached through a long series of 
social developments, it is difficult to understand how the endogamous 
tribes can be as rude as the exogamous ones. 

Again, he names the fact that " in some districts — as in the hills 
on the northeastern frontier of India, in the Caucasus, and the hill- 
ranges of Syria — we find a variety of tribes, proved, by physical char- 
acteristics and the affinities of language, of one and the same original 
stock, yet in this particular differing toto coelo from one another — 
some forbidding marriage within the tribe, and some prescribing mar- 
riage without it" (pp. 147, 148) : a fact by no means congruous with 
his hypothesis. 

Should Mr. McLennan reply that on pp. 47, 48, he has recognized 
the possibility, or probability, that there were tribes primordially 
endogamous — should he say that on pp. 144, 145, will be found the 
admission that, perhaps, exogamy and endogamy *^may be equally 
archaic," the rejoinder is that, besides being inconsistent with Ids 
belief that exogamy has " been practised at a certain stage among 
every race of mankind," this possibility is one which he practically 
rejects. On pp. 148-150, he sketches out a series of changes by which 
exogamous tribes may eventually become endogamous ; and in sub- 
sequent sections on the " Growth of Agnation," and " The Rise of 
Endogamy," he tacitly asserts that endogamy has thus developed : if 
not without exception, still, generally. Indeed, the title of one of his 
chapters — " The Decay of Exogamy in Advanbing Communities " — 
clearly implies \;he belief that exogamy was general, if not universal, 
with the uncivilized ; and that endogamy grew up along with civili- 
zation. Thus the incongruity between the propositions quoted in the 
last paragraph cannot be escaped. 

Sundry other of Mr. McLennan's statements and inferences con- 
flict with one another. Assuming that, in the earliest state, tribes 
were stock-groups " organized on the principle of exogamy," he speaks 
of them as having " the primitive instinct of the race against marriage 
between members of the same stock" (p. 118). Yet, as we have seen 
above, he elsewhere speaks of wife-capture as caused by scarcity of 
women within the tribe ; and attributes to this " usage, induced by 
necessity," the prejudice against "marrying women of their own 
stock." Moreover, if, as he says (and I believe rightly says) on p. 
145, " men must originally have been free of any prejudice against 
marriage between relations," it seems inconsistent to allege that there 
was a '* primitive instinct" "against marriage between members of 
the same stock." 
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Again, while in some places the establishment of the exogamous 
prejudice is ascribed to the practice of wife-stealing (pp. 53, 54, and 
136), it is elsewhere made the antecedent of wife-stealing : interdict 
against marriage within the tribe was primordial Now, if this last is 
Mr. McLennan's view, I agree with Sir J. Lubbock in thinking that 
it is untenable. It cannot be assumed that in these earliest groups of 
men, with which Mr. McLennan commences, there were any estab- 
lished rules of marriage. Unions of the sexes must have preceded all 
social laws. The rise of a social law implies a certain preceding con- 
tinuity of social existence; and this preceding continuity of social 
existence implies the reproduction of successive generations. Hence 
reproduction, entirely unregulated by interdicts, must be taken as 
initial. 

Assuming, however, that of his two views Mr. McLennan will abide 
by the more tenable one, that wife-stealing led to exogamy, let us ask 
how far he is justified in alleging that female infanticide, and con- 
sequent scarcity of women^ led to wife-stealing. At first sight it 
appears undeniable that destruction of infant girls, if frequent, must 
have been accompanied by a deficiency of adult females ; and it seems 
strange to call in question the legitimacy of this inference. But Mr. 
McLennan has overlooked a concomitant. Tribes in a state of chronic 
hostility are constantly losing their adult males, and the male mor* 
tality so caused is usually considerable. Hence the killing many 
female infants does not necessitate paucity of women : it may merely 
prevent excess. Excess must, indeed, be inevitable if, equal numbers 
of males and females being reared, some of the males are from time 
to time slain. The assumption from which Mr. McLennan's argument 
sets out is, therefore, inadmissible. 

How inadmissible it is, becomes conspicuous on finding that, where 
wife-stealing is now practised, it is commonly associated with polygyny. 
The Fuegians, named by Mr. McLennan among wife-stealing peoples, 
are polygynists. According to Dove, the Tasmanians were polygy- 
nists, and Lloyd says that polygyny was universal among tbem ; yet 
the Tasmanians were wife-stealers. The Australians furnish Mr. 
McLennan with a typical instance of wife-stealing and exogamy ; and 
though Mr. Oldfield alleges scarcity of women among them, yet other 
testimony is quite at variance with his. Mitchell says : " Most of the 
men appeared to possess two [females], the pair in general consisting 
of a fat plump gin, and one much younger ; *' and, according to the 
Frenchman Peltier, named in the last chapter as having lived seven- 
teen years with the Maeadama tribe in Queensland, the women were 
" more numerous tlian the men, every man having from two to five 
women in his suite." In North America the Dakotas are at once 
wife-stealers and polygynists, Burton tells us. In South America the 
Brazilians similarly unite these two traits; and among the Caribs 
they are especially associated. Writing of polygyny as practised on 
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the Orinoco, Humboldt says: "It is most considerable among the 
Caribs, and all the nations that have preserved the custom of carry- 
ing off young girls from the neighboring tribes." How, then, can 
wife-stealing be ascribed to scarcity of women ? 

A converse incongruity also militates against Mr. McLennan's 
theory. His position is that female infanticide, " rendering women 
scarce, led at once to polyandry Vithin the tribe, and the capturing of 
women from without." But polyandry does not, so far as I see, dis- 
tinguish wife-stealing tribes. We do not find it among the above- 
named Tasmanians, Australians, Dakotas, Brazilians; and although 
it is said to occur among the Fuegians, and characterizes some of the 
Caribs, it is much less marked than their polygyny. Contranwise, 
though it is not a trait of peoples who rob one another of their women, 
it is a trait of certain rude peoples who are habitually peaceful. 
There is polyandry among the Esquimaux, who do not even know 
what war is; there is polyandry among the Todas, who in no way 
aggress upon their neighbors 

Other minor difficulties might be dwelt upon. There is the fact 
that in many cases exogamy and endogamy coexist, as among the 
Comanches, the New-Zealanders, the Lepchas, the Califomians. There 
is the fact that in sundry cases polygyny and polyandry coexist, as 
among the Fuegians, the Caribs, the Esquimaux, the Warans, the 
Hottentots, the ancient Britons. There is the fact that there are some 
exogamous tribes who have not the form of capture in marriage, as 
the Iroquois and the Chippewas. But, not dwelling on these, I turn 
to certain cardinal difficulties, obvious a priori^ which appear to me 
insuperable. 

Setting out with primitive homogeneous groups, Mr. McLennan 
contends that the scarcity of women caused by destruction of female 
infants compelled wife-stealing ; and he thinks that this happened 
"at a certain stage among every race of mankind" (p. 138). The 
implication is, therefore, that a number of adjacent tribes, usually be- 
longing to the same variety of .man in the same stage of progress, were 
simultaneously thus led to rob one another. But immediately we think 
of wife-stealing as a practice not of one tribe only, but of many tribes 
forming. a cluster, there presents itself the question. How was the 
scarcity of women thus remedied ? If each tribe had fewer women 
than men, how could the tribes get wived by robbing one another? 
The scarcity remained the same: what one tribe got another lost. 
Bearing in mind the low fertility and great infant mortality among 
savages, if there is a chronic deficiency of women and the tribes rob 
one another equally, the result must be diminished population in all 
the tribes. If some, robbing others in excess, get enough wives, and 
leave certain of the rest with very few, these must tend toward ex- 
tinction. And if the surviving tribes carry on the process, there 
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appears no limit until the strongest tribe, continuing to supply itself 
with women from the less strong, finally alone survives and has no 
tribes to rob. 

Should it be replied that female infanticide is, on the average of 
cases, not carried so far as to make the number of wives insufficient 
to maintain the aggregate population — should it be said that only 
exceptional tribes rear so few women ^s not to have mothers enough to 
produce the next generation — ^then we are met by a still greater diffi- 
culty. If in each of the exogamous tribes forming the supposed cluster 
the men are forbidden to marry women of their own tribe, and must 
steal women from other tribes, the implication is that each tribe 
knowingly rears wives for neighboring tribes, but not for itself^ 
Though each tribe kills many of its female infants that it may not be 
at the cost of rearing them for its own benefit, yet it deliberately rears 
the remainder for the benefit of its enemies. Surely this is an inad- 
missible supposition. In proportion as the interdict against marry- 
ing women within the tribe is peremptory, the preservation of girls 
will be useless — worse than useless, indeed, since adjacent hostile 
tribes, to whom they must go as wives, will be thereby strengthened* 
And as all the tribes, living under like interdicts, will have like mo- 
tives, they will all of them cease to rear female infants. 

Manifestly, then, exogamy in its original form can never have 
been anything like absolute among the tribes forming a cluster, but 
can have been the law among some of them only. 

In his concluding chapter Mr. McLennan says that, "on*the whole, 
the account which we have given of the origin of exogamy appears 
the only one which will bear examination " (p. 289). It seems to me, 
however, that setting out with the postulate laid down by him, that 
primitive groups of men are habitually hostile, we may, on asking 
what are the concomitants of war, be led to a different theory, open to 
none of the objections above raised. 

In all times and places, among savage and civilized, victory is fol- 
lowed by pillage. Whatever portable things of worth the conquerors 
find, they take. The enemies of the Fuegians plunder them of their 
dogs and arms ; pastoral tribes in Africa have their cattle driven away 
by conquering marauders ; and peoples more advanced are robbed of 
their money, ornaments, and all valuable things that are not too heavy. 
The taking of women is manifestly but a part of this process of spoil- 
ing the vanquished. Women are prized as wives, as concubines, as 
drudges ; and, the men having been killed, the women are carried off 
along with the other movables. Everywhere among the uncivilized 
we find this. Turner tells us that " in Samoa, in dividing the spoil of 
a conquered people, the women were not killed, but taken as wives.** 
We learn from Mitchell that in Australia, " on some whites telling a 
native that they had shot a man of another tribe, his only remark 
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was : * Stupid white fellows ! why did you not bring away the gins ? ' " 
And P. Martyr says that among the cannibal Caribs in his day "to 
eat women was considered unlawful. . . . Those who were captured 
young were kept for breeding, as we keep fowl, etc." Early legends* 
of the semi-civilized show us the same thing ; as when in the "Iliad" we 
read that the Greeks plundered " the sacred city of Eetion," and that 
part of the spoils " they divided among themselves " were the women. 
And there need no examples to recall the fact that in later and more 
civilized times successes in battle have been followed by transactions 
allied in character, if not the same in form. Hence it is obvious that, 
from the beginning down to comparatively late stages, women-stealing 
has been an incident of successful war. 

Observe, next, that the spoils of conquest, some of them prized 
for themselves, are some of them prized as trophies. Proofs of prow- 
ess are above all things treasured by the savage. He brings back bis 
enemy's scalp, like the North American Indian. He dries and pre- 
serves his enemy's head, like the New-Zealander. He fringes his robe 
with locks of hair cut from his slain foe. Among other signs of suc- 
cess in battle is return with a woman of the vanquished tribe. Be- 
yond her intrinsic value she has an extrinsic value. Like a native 
wife, she serves as a slave ; but, unlike a native wife, she serves also 
as a trophy. As, then, among savages, warriors are the honored 
members of the tribe — as among warriors the most honored are those 
whose bravery is best shown by achievements — the possession of a 
wife taken in war becomes a badge of social distinction. Hence mem- 
bers of the tribe thus married to foreign women are held to be more 
honorably married than those married to native women. What must 
result ? 

In a tribe not habitually at war, or not habitually successful in 
war, no decided effect is likely to be produced on the marriage cus- 
toms. If the great majority of the men have native wives, the pres- 
ence of a few whose superiority is shown by having foreign wives 
will fail to change the practice of taking native wives : the majority 
will keep one another in countenance. But if the tribe, becoming 
more successful in war, robs adjacent tribes of their women more fre- 
quently, there will grow up the idea that the now-considerable class 
having foreign wives form the honorable class, and that those who 
have not proved their bravery by bringing back these living trophies 
are dishonorable: non-possession of a foreign wife will come to be 
regarded as a proof of cowardice. An increasing ambition to get 
foreign wives will therefore arise ; and as the number of those who 
are without them decreases, the brand of disgrace attaching to them 
will grow more decided ; until, in the most warlike tribes, it becomes 
an imperative requirement that a wife shall be obtained from another 
tribe — ^if not in open war, then by private abduction. 

A few facts showing that by savages proofs of courage are oft«n 
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required as qualifications for marriage, will carry home this conclu- 
sion. Hemdon tells us that among the Mahu^s a man cannot take a 
wife until he has submitted to severe torture. Bates, speaking of the 
. Passes on the Upper Amazons, says that formerly '* the young men 
earned their brides by valiant deeds in war." Before he is allowed 
to marry, a young Dyak must prove his bravery by bringing back 
the head of an enemy. Bancroft quotes Colonel Cremony as saying 
that when the Apache warriors return unsuccessful, "the women 
turn away from them with assured indifference and contempt. They 
are upbraided as cowards, or for want of skill and tact, and are told 
that such men should not have wives." That, among other results of 
sentiments thus exemplified, abduction of women will be one, is ob- 
vious ; for a man who, denied a wife till he has proved his courage, 
steals one, satisfies his want and achieves reputation at the same time. 
If, as we see, the test of deserving a wife is in some cases obtainment 
of a trophy, what more natural than that the trophy should often be 
the stolen wife herself? What more natural than that where many 
warriors of the tribe are distinguished by stolen wives, the stealing 
of a wife should become the required proof of fitness to have one ? 
Hence would follow a peremptory law of exogamy. 

In so far as it implies that usage grows into law, this interpre- 
tation agrees with that of Mr. McLennan. It does not, however, like 
his, assume either that this usage originated in a primordial instinct, 
or that it resulted from scarcity of women caused by infanticide. 
Moreover, unlike Mr. McLennan's, the explanation so reached is con- 
sistent with the fact that exogamy and endogamy in many cases exist ; 
and with the fact that exogamy often coexists with polygyny. 
Further, it does not involve us in the difficulty raised by supposing a 
peremptory law of exogamy to be obeyed throughout a cluster of 
tribes. 

But can the great prevalence of the form of capture in marriage 
ceremonies be thus accounted for? Mr. McLennan believes that, 
wherever this form is now found, complete exogamy once prevailed. 
Examination will, I think, show that the implication is not necessary. 
There are several ways in which the form of capture naturally arises ; 
or rather, let us say, it has several conspiring causes. 

If, as we have seen, there still exist rude tribes in which men fight 
for possession of women, the taking possession of a woman naturally 
comes as a sequence to an act of capture. That monopoly which con- 
stitutes her a wife in the only sense known by the primitive man is a 
result of successful violence. Thus the form may originate from act- 
ual capture within the tribe instead of originating from actual capt- 
ure without it. 

Beyond that resistance to a man's seizure of a woman apt to be 
made by other men within the tribe, there is the resistance of the 
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woman herself. Sir John Lubbock expresses the opinion that female 
coyness is not an adequate cause for the establishment of the form of 
capture ; and it may be that, taken alone, it does not suffice to ac« 
coant for everything. But there are reasons for thinking it an impor- 
tant factor. Here are some of them. Crantz tells us concerning the 
Esquimaux that, when a damsel is asked in marriage, she — 

*' directly falls into the greatest apparent consternation, and runs out-of-doors 
tearing her bunch of hair ; for single women always affect the utmost bashful* 
ness and aversion to any proposal of marriage, lest they should lose their repu- 
tation for modesty." 

Like behavior is shown by Bushmen girls. When — 

^^ a girl has grown up to womanhood without having previously been betrothed, 
her lover must gain her own approbation, as well as that of the parents ; and on 
this occasion his attentions are received with an affectation of great alann and 
disinclination on her part, and with some squabbling on the part of her friends." 

Again, among the Sinai Arabs, says Burckhardt, a bride — 

'^ defends herself with stones, and often inflicts wounds on the young men, 
even though she does not dislike the lover ; for, according to custom, the more 
she struggles, bites, kicks, cries, and strikes, the more she is applauded ever after 
by her own companions." During the procession to the husband's camp, " de- 
cency obliges her to cry and sob most bitterly." 

Of the Muzos, Piedrahita narrates that after agreement with the par- 
ents was made — 

*' the bridegroom came to see the bride, and staid three days caressing her, 
while she repHed by beating him with her fists and with sticks. After these 
three days she got tamer, and cooked his meals." 

In these cases, then, coyness, either real or affected for reputation's 
sake, causes resistance of the woman herself. In other cases there is 
joined with this the resistance of her female friends. We read of the 
Sumatran women that " both the biide and her female relatives make it 
a point of honor to prevent (or appear to prevent) the bridegroom from 
obtaining his bride." On the occasion of a marriage among the 
Araucanians, Smith tells us that " the women spring up €n masse^ and 
arming themselves with clubs, stones, and missiles of all kinds, rush to 
the defense of the distressed maiden. ... It is a point of honor with the 
bride to resist and struggle, however willing she may be." And once 
more we learn from Grieve that when a Kamtchatkan " bridegroom 
obtains the liberty of seizing his bride, he seeks every opportunity of 
finding her alone, or in company of a few people, for during this time 
all the women in the village are obliged to protect her." 

Here we have, I think, proof that one origin of the form of capture 
is feminine opposition — primarily of the woman herself, and second- 
arily of female friends who naturally sympathize with her. Though 
the manners of the inferior races do not imply much coyness, yet we 
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cannot suppose coyness to be wholly absent. Hence that amount of 
it which really exists, joined with that further amount simulated for 
reputation's sake, will make resistance, and consequently capture, nat- 
ural phenomena. Moreover, since a savage makes his wife a slave, 
and usually treats her brutally, she has an additional motive for re- 
sistance. 

Nor does forcible opposition proceed only from the girl and her 
female friends : the male members of her family also are likely to be 
opponents. A woman is of value not only as a wife, but also as a 
daughter ; and all through, from the lowest to the highest stages of 
social progress, we find a tacit or avowed claim to her services by her 
father. It is so even with the degraded Fuegians : an equivalent in 
the shape of service rendered has to be given for her by the youth, 
" such as helping to make a canoe." It is so with numerous more ad- 
vanced savages all over the world : there is either the like giving of 
stipulated work, or the giving of a price. And we have evidence that 
it was originally so among ourselves : in an action for seduction the 
deprivation of a daughter's services is the injury alleged. Hence it is 
inferable that in the rudest states, where claims, parental or other, 
are but little regarded, the taking away of a daughter is likely to 
become the occasion of a fight. Facts support this conclusion. Of the 
Araucanians Smith tells us that, when there is opposition of the parents, 
" the neighbors are immediately summoned by blowing the horn, and 
chase is given." " Among the Gandors, a tribe on the southern shores of 
the Caspian Sea, the bridegroom must run away vnth his bride, although 
he thereby exposes himself to the vengeance of her parents, who, if 
they find him within three days, can lawfully put him to death." And 
we read concerning the Gonds that " a suitor usually carries off the 
girl that is refused to him by the parents." Thus we find a further 
natural cause for the practice of capture — a cadse which must have 
been common before social usages were well established. Indeed, on 
reading that among the Mapuches the man sometimes " lays violent 
hands upon the damsel, and carries her off, '• and that " in all such 
cases the usual equivalent is afterward paid to the girl's father," we 
may suspect that abduction, spite of parents, was the primary form ; 
that there came next the making of compensation to escape vengeance ; 
that this grew into the making of presents beforehand ; and that so 
resulted eventually the system of purchase. 

If, then, within a tribe there are three sources of opposition to the 
appropriation of a woman by a man, it does not seem that the form 
of capture is inexplicable unless we assume the abduction of women 
from other tribes. 

But even supposing it to have originated in the capture of foreign 
women, its survival as a form of marriage would not prove exogamy 
to have been the law. In a tribe whose warriors had many of them 
wives taken from enemies, and who, as having captured their wives, 
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were regarded, as more hoDor^bly married than the rest, there would 
result an ambition, if not to capture a wife, still to seem to capture a 
wife. In every society the inferior ape the superior ; and customs thus 
spread among classes, the ancestors of which did not observe them. 
The antique-looking portraits that decorate many a modem, large 
house, by no means demonstrate the distinguished ancestry of the 
owner; but may merely simulate a distinguished ancestry. The coat 
of arms a wealthy man bears does not necessarily imply descent from 
men who once had their shields and flags covered by such marks of 
identity. The plumes borne on a hearse do not prove that the dead 
occupant had forefathers who wore knightly decorations. And, simi- 
larly, it does not follow that all the members of tribes who go through 
the form of capturing their wives at marriage are descendants of men 
who in earlier days actually captured their wives. Mr. McLennan 
himself points out that, among sundry ancient peoples, captured wives 
were permitted to the military class, though not to other classes. If 
we suppose a society formed of a dominant military class, originally 
the conquerors, who practised wife-capture, and a subject class who 
could not practise it — and if we ask what would happen when such a 
society fell into more peaceful relations with adjacent like societies, 
and obtained wives from them no longer by force, but by purchase or 
other friendly arrangement — we may see that, in the first place, the 
form of capture would replace the actuality of capture in the mar- 
riages of this dominant class ; for, as Mr. McLennan contends, con- 
formity to ancestral usage would necessitate the simulation of capture 
after actual capture has ceased. And when, in the dominant class, 
wife-capture had thus passed into a form, it would be imitated by the 
subject class as being the most honorable form. Such among the 
inferior as had risen to superior social positions would first adopt it ; 
and they would gradually be followed by those below them. So that, 
even were there none of the other probable origins named above, a 
surviving form of capture in any society would not necessarily show 
that society to have been exogamous, but would merely show that 
wife-capture was in early times practised by its leading men. 

And now, pursuing the argument, let us see whether exogamy and 
endogamy are not simultaneously accounted for as correlative results 
of the same differentiating process. Setting out with a state in which 
the relations of the sexes were indefinite, variable, and determined by 
the passions and circumstances of the occasion, we have to explain 
how exogamy and endogamy became established, the one here, the 
other there, as consequences of surrounding conditions. The eflScient 
conditions were the relations to other tribes, now peaceful but mostly 
hostile, some of them strong, and some of them weak. 

Necessarily, a primitive group not commonly at war with neigh- 
boring groups must be endogamous ; foe the taking of women from 
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other tribes is either a sequence of open war, or is an act of private 
war which brings on open war. Pure endogamy, however, resulting 
in this manner, is probably rare, since the hostility of tribes is almost 
universal But endogamy is likely to characterize not peaceful groups 
alone, but also groups habitually worsted in war. An occasional ab- 
ducted woman taken in reprisal will not suffice to establish in a weak 
tribe any precedent for wife-capture ; but, contrariwise, a member of 
such a tribe who carries off a woman, and so provokes vengeance by 
the stronger tribe robbed, is likely to meet with general reprobation.* 
Hence marrying in the tribe will not only be habitual, but there will 
arise a prejudice, and eventually a law, against taking wives from 
other tribes ; the needs of self-preservation will make the tribe endog- 
amous. This interpretation harmonizes with the fact, admitted by 
Mr. McLennan, that the endogamous tribes are as numerous as the 
ezogamous ; and also with the fact he admits, that in sundry cases 
clusters of tribes allied by blood and language are some of them ex- 
ogamous and some endogamous. 

It is to be inferred that, among tribes not differing much from one 
another in strength, there will be continual aggressions and reprisals, 
accompanied by mutual robberies of women. No one of them will be 
able to supply itself with wives entirely at the expense of adjacent 
tribes, and hence, in each of them, there will be both native wives, 
and wives taken from other tribes— there will be both exogamy and 
endogamy. Stealing of wives will not be reprobated, because the 
tribes robbed are not too strong to be defied ; and it will not be in-, 
sisted on, because the men who have stolen wives will not be numer- 
ous enough to determine the average opinion* 

If, however, in a cluster of tribes, one gains predominance by fre- 
quent successes in war — ^if the men in it who have stolen wives come to 
form the larger number — if the possession of a stolen wife becomes a 
mark of that bravery without which a man is n<^ worthy of a wife — 
then the discreditableness of marrying within the tribe, growing into 
disgracefulness, will end in a peremptory requirement to get a wife 
from another tribe — ^if not in open war, then by private theft : the 
tribe will become exogamous. A sequence may be traced. The ex- 
ogamous tribe thus arising, and growing while it causes adjacent tribes 
to dwindle by robbing them, will presently divide ; and its sections, 
usurping the habitats of adjacent tribes, will carry with them the es- 
tablished exogamous habit. When, presently becoming hostile, these 
diverging sub-tribes begin to rob onte another of women, there will 

1 Since'the abore sentence was written, I hare, by a happy coincidence, come upon a 
verifying fact, in the just-published **Iafe m the Southern Isles," by the Rev. Mr. Gill 
(p. 47). A man, belonging to one of the tribes in Mangaia, ^iole food from an adjacent 
tribe. This adjacent tribe avenged itself by destroying the houses, etc., of the thief s 
tribe. Thereupon the thiefs tribe, angry because of the mischief thus brought upon 
them, killed the thiefl If this happened with a stealer of food, still more would it be 
likely to happen with a stealer of women, when the tribe robbed was the more powerful. 
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arise conditions conducive to that internal exogamy which Mr. Mc- 
Xiennan supposes, rightly I think, to replace external exogamy. For, 
unless we assume that, in a cluster of tribes, each will undertake to 
rear women for adjacent tribes to steal, we must conclude that the 
exogamous requirement will be met in a qualified manner. Wives 
born within the tribe, but foreign by blood, will, under pressure of the 
difficulty, be considered allowable, instead of actually stolen wives. 
And thus, indeed, that kinship in the female line, which primitive 
irregularity in the relations of the sexes originates, will become estab- 
lished, even tl^ough male parenthood is known ; since this interpreta- 
tion of kinship will make possible conformity to a law of connubium 
that could not otherwise be obeyed. 

Nothing of much importance is to be said respecting exogaftiy and 
endogamy in their general bearings on social life. 

Exogamy in its primitive form is clearly an accompaniment of the 
lowest barbarism ; and it decreases as the hostility of societies becomes 
less constant, and the usages of war mitigated. That the implied 
crossing of tribal stocks, where these tribal stocks are very small, 
may be advantageous, physiologically, is true ; and exogamy may so 
secure a benefit which at a later stage is secured by the mingling of 
conquering and conquered tribes ; though none who bear in mind the 
thoughtlessness of savages will suppose such a benefit to have been 
contemplated. But the exogamous custom, as at first established, 
implies an extremely abject condition of women ; a brutal treatment 
of them ; an entire absence of the higher sentiments that accompany 
the relation of the sexes. Associated with the lowest type of political 
life, it is also associated with the lowest type of domestic life. 

Evidently endogamy, which at the outset must have characterized 
the more peaceful groups, and which has prevailed as societies have 
become less hostile, is a concomitant of the higher forms of the family. 



PEOFESSOK HUXLEY'S. LECTUEES.* 
m. 

THE DEMONSTRATIVE EVIDENCE OF EVOLUTION. 

IN my last lecture, I had occasion to place before you evidence de- 
rived from fossil remains, which, as I stated, was perfectly con- 
sistent with the doctrine of evolution, in fact, was favorable to it, but 
could not be regarded as the highest kind of evidence, or as that sort 
of evidence that we call demonstrative. 

' The last of three lectures on " The Direct Evidence of Evolution," delivered at 
Chickering Hall, New York, September 20th. From the report of the New York Tribtme^ 
carefully revised by Prof. Huxley. 
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I pointed out, in fact, that, as we go back in time, the great inter- 
vals which at present separate some of the larger divisions of ani- 
mals become more or less completely obliterated by the appearance 
of intermediate forms, so that if we take the particular case of reptiles 
and birds, upon which I dwelt at length, we find in the mesozoic rocks 
animals which, if ranged in series, would so completely bridge over 
the interval between the reptile and the bird that it would be very 
hard to say where the reptile ends and where the bird begins. Evi- 
dence so distinctly favorable to evolution as this is far weightier than 
that upon which men undertake to say that they believe many im- 
portant propositions ; but it is not the highest kind of evidence at- 
tainable for this reason, that, as it happens, the intermediate forms 
to which I have referred do not occur in the exact order in which 
they ought to occur, if they really had formed steps in the progression 
from the reptile to the bird ; that is to say, we find l^hese forms in 
contemporaneous deposits, whereas the requirements of the demon- 
strative evidence of evolution demand that we should find the series 
of gradations between one group of animals and another in such order 
as they must have followed if they had constituted a succession of 
stages, in time, of the development of the form at which they ulti- 
mately arrive. In other words, the complete evidence of the evolu- 
tion of the bird from the reptile — what I call the demonstrative 
evidence, because it is the highest form of this class of evidence ; that 
evidence should be of this character, that in some ancient formation 
reptiles alone should be found ; in some later formations birds should 
first be met with ; and in the intermediate strata we should discover 
in regular succession those fprms which I pointed out to you which 
, are intermediate between reptiles and birds. 

The proof of evolution cannot be complete until we have obtained 
evidence of this character, and that evidence has of late years been 
forthcoming in considerable and continually increasing quantity. 
Indeed, it is somewhat surprising how large is the quantity of that 
evidence, and how satisfactory is its nature, if we consider that our 
obtaining such evidence depends upon the occurrence in a particular 
locality of an undisturbed 'series deposited through a long period of 
time, which requires the further condition that each of these deposits 
should be such that the animal remains imbedded in them are not 
much disturbed, and are imbedded in a state of great preservation. 
Evidence of this kind, as I have said, has of late years been accumu- 
lating largely, and in respect to many divisions of the animal king- 
dom. But I will select for my present purpose only one particular 
case, which is more adapted to the object I have in view, as it relates 
to the origin, to what we may call the pedigree, of one of our most 
familiar domestic animals — the horse. But I may say that in speak- 
ing of the origin of the horse I shall use that term in a general sense 
as equivalent to the technical term Equus^ and meaning not what you 
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ordinarily understand as such, but also asses and their modifications, 
zebras, etc. The horse is in many ways a most remarkable animal, 
inasmuch as it presents us with an example of one of the most perfect 
pieces of machinery in the animal kingdom. In fact, among mammals 
it cannot be said that there is any locomotive so perfectly adapted to 
its purposes, doing so much work with so small a quantity of fuel, as 
this animal — ^the horse. And, as a necessary consequence of any sort 
of perfection, of mechanical perfection as of others, you find that the 
horse is a beautiful creature, one of the most beautiful of all land- 
aninxals. Look at the perfect balance of its form, and the rhythm 
and perfection of its action. The locomotive apparatus is, as you are 
aware, resident in its slender fore and hind limbs ; they are flexible 
and elastic levers, capable of being moved by very powerful muscles ; 
and, in order to supply the engines which work these levers with the 
force which they expend, the horse is provided with a very perfect 
feeding apparatus, a very perfect digestive apparatus. 

Without attempting to take you very far into the region of osteo- 
logical detail, I must nevertheless — for this question depends upon 
the comparison of such details — ^trouble you with some points respect- 
ing the anatomical structure of the horse, and more especially with 
those which refer to the structure of its fore and hind limbs. But I 
shall only touch upon those points which are absolutely essential to 
the inquiry that we have at present put. Here is the fore-leg of a 
horse : The bone which is cut across at this point is that which 
answers to the upper-arm bone in my arm, what you would call the 
humerus. This bone corresponds with my forearm. What we com- 
monly term^ the knee of the horse is the wrist ; it answers to the wrist 
in man. This part of the horse's leg answers to one of the human 
fingers, and the hoof which covers this extended joint answers to one 
of my nails. 

You observe that, to all appearance, there is only one bone in the 
.forearm. Nevertheless, at the upper end I can trace two separate 
portions ; this part of the limb, and the one I am now touching. But 
as I go farther down it runs at the back part into the general bone, 
and I cease to be able to trace it beyond a certain point. This large 
* bone is what is termed the radius, and answers to the bone I am touch- 
ing in my arm, and this other portion of bone corresponds to what is 
called the ulna. To all appearance in the forearm of the horse the 
ulna is rudimentary, and seems to be fused into one bone with the 
radius. 

It looks thus as if the ulna, running off below, came to an end^ 
and it very often happens in works on the anatomy of the horse that 
you find these facts are referred to, and a horse is said to have an im- 
perfect ulna. But a careful examination shows you that the lower 
extremity of the ulna is not wanting in the horse. If you examine a 
very young horse's limb you will find that this portion of the bone I 
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am now showing yon is separable from the rest, and only unites as 
the animal becomes older, and this is, in point of fact, the lower ex< 
tremity of the ulna ; so that we may say that in the horse the middle 
part of the ulna becomes rudimentary and unites with the radius, and 
that the lower extremity of the ulna is so early united with the lower 
extremity of the radius that every distinct trace of separation has 
vanished in the adult. 

I need not trouble you with the structure of this portion that 
answers to the wrist, nor with a more full description of the singular 
peculiarities of the part, because we can do without them for the 
present, but I will go on to a consideration of the remarkable series 
of bones which terminates the fore-limb. We have one continuous 
series in the middle line which terminates in the coffin-bone of the 
horse upon which the weight of the fore-part of the body is sup- 
ported. This series answers to a finger of my hand, and there are 
good reasons — ^perfectly valid and convincing reasons, which I need 
not stay to trouble you with — which prove that this answers to the 
third finger of my hand enormously enlarged. 

And it looks at first as if there were only this one finger in the 
horse's foot. But, if I turn the skeleton round, I find on each side a 
bone shaped like a splint, broad at the upper and narrow at the lower 
end, one on each side. And those bones are obviously and plainly 
and can be readily shown to be the rudiments of the bones ^yhich I 
am now touching in my own hand — ^the metacarpal bones of the sec- 
ond and of the fourth finger — so that we may say that in the horse's 
fore-limb the radius and ulna are fused together, that the middle part 
of the ulna is excessively narrow, and that the foot is reduced to the 
single middle finger, with rudiments of the two other fingers, one on 
each side of it. Those facts are represented in the diagram I now 
show you of the recent horse. Here is the fore-limb (pointing to the 
diagram), with the metacarpal bones and the little splint-bones, one 
on each side. It sometimes happens that by way of a monstrosity 
you may have an existing horse with one or other of these toes — ^that 
is, provided with its terminal joints. 

Let me now point out to you what are the characteristics of the 
hind-limb. This (pointing to the diagram) is the shin-bone of the 
horse, and it appears at first to constitute the whole of the leg. But 
there is a little splint at this point which is the rudipaent of the small 
bone of the leg — what is called the fibula — and then there is con- 
nected with the lower end of the tibia a little nodule which represents 
the lower end of the fibula, in just the same way as that little nodule 
in the fore-limb represents the lower end of the ulna. So that in the 
leg we have a modification of the same character as that which exists 
in the fore-limb — the suppression of the greater part of the small 
bone of the leg and the union of its lower end with the tibia. So, 
again, we find the same thing if we turn to the remainder of the leg. 
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This (showing) is the heel of the horse, and here is the great median 
toe, answering to the third toe in our own foot ; and here we have 
upon each side two little splint-bones, just as in the fore-limb, which 
represent the rudiments of the second and the fourth toes — rudiments, 
that is to say, of the metatarsal bones, the remaining bones having 
altogether vanished. Let me beg your attention to these peculiar- 
ities, because I shall have to refer to them by-and-by. The result of 
this modification is, that the fore and hind limbs are converted into 
Ipng, solid, springy, elastic levers, which are the great instruments 
of locomotion of the horse. 

As might be expected, and as I have already said, the apparatus 
for providing this machine with the fuel which it requires is also of a 
very highly differentiated character. A horse has, or rather may 
have, forty-four teeth, but it rarely happens that in our existing horses 
you find more than forty — for a reason which I will communicate di- 
rectly — and in a mare it commonly happens that you find no more than 
thirty-six, because the "tushes," or canine teeth, of the mare are rarely 
developed. Then there are some curious peculiarities about these teeth. 
As every one who has had to do with horses knows, the cutting 
teeth — the incisors — are six above and six below, and those incisors 
present what is called a " mark ; " at least, that mark is usually pres- 
ent in horses up to a certain age. It is a sort of dark patch across 
the middle of the tooth. The presence of that dark patch arises from 
a great peculiarity in the structure of the horse's incisor tooth. It iff 
in fact considerably curved, with a deep pit in the middle of the 
crown, and then a long fang. In the young foal this pit is very deep. 
As the animal feeds, this pit becomes filled up with its fodder, that 
fodder becomes more or less carbonized, and then you have the dark 
mark, and the reason the dark mark serves as an indication of age, 
for, as the horse feeds, this is more and more worn down, until at last, 
in an aged horse, the tooth is worn beyond the bottom of the pit, and 
the mark disappears. Then, as I said, the male horse generally has 
canine teeth. We need not notice their structure particularly. Fol- 
lowing that, you may occasionally notice a very small and rudimen- . 
tary tooth, but it is very often absent. It really represents the first 
tooth of the grinding series. Then there follow six great teeth, with 
exceedingly long crowns. The crowns, in fact, are so long that the 
teeth take a very long time to wear down, whence arises the possi- 
bility of the great age to which horses sometimes attain. This is 
shown in the side diagram. Then the pattern and structure of a 
horse's tooth are very curious. The crown of the horse's tooth pre- 
sents a very complicated pattern ; that is to say, supposing this to be 
one of the grinders of the left side (illustrating) above, there is a kind 
of wall like a double crescent. Then there are two other crescents, 
which fall in that direction, and these are complicated by folds, and 
all the spaces between these crescentic ridges are filled up by a kind 
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of bony matter which is called cement. Consequently the surface of 
the tooth is composed of very uneven materials — of the hard mass of 
the tooth, which is called dentine, then a very much harder enamel, 
and a softer cement between, the practical effect of which is the same 
as the lamination of the millstone. In consequence of the lamination 
of the millstone the ridges wear less swiftly than the intermediate 
substance, and therefore the surface always keeps rough and exerts 
a crushing effect upon the grain. The same is true of the horse's 
tooth, and consequently the grinding of the teeth one against the 
other, instead of flattening the surface of the teeth, tends to keep 
them always irregular, and that has a very^ great influence upon the 
rapid mastication of the hard grain or the hay upon which the 
horse subsists. 

I think that will suffice, as a brief indication of some of the most 
important peculiarities and characteristics of the horse. If the hy- 
pothesis of evolution is true, what ought to happen when we investi- 
gate the history of this animal? We know that the mammalian type, 
as a whole — ^that mammalian animals — are characterized by the pos- 
session of a perfectly distinct radius and ulna, two separate and dis- 
tinct movable bones. We know, furlher, that mammals in general 
possess five toes, often unequal, but still as completely developed as 
the five digits of my hand. We know further that the general type 
of mammal possesses in the leg, not only a complete tibia, but a com- 
plete fibula — a complete, distinct, separable bone. Moreover, in the 
hind-foot we find, in animals in general, five distinct toes, just as we 
do in the fore-foot. Hence it follows a differentiated animal like the 
horse must have proceeded by way of evolution or gradual modifica- 
tion from a form possessing all the characteristics we find in mam- 
mals in general. If that be true, it follows that if there be anywhere 
preserved in the series of rocks a complete history of the horse, that 
is to say of the various stages through which he has passed, those 
stages ought gradually to lead us back to some sort of animal which 
possessed a radius, and an ulna, and distinct complete tibia and fibula, 
and^ in which there were five toes upon the fore-limb, no less than 
upon the hind-limb. Moreover, in the average general mammalian 
type, the higher mammalian, we find, as a constant rule, an approxi* 
mation to the number of forty-four complete teeth, of which twelve 
are cutting teeth, four are canine, and the others are grinders. In 
unmodified mammals we find the incisors have no pit, and that the 
grinding teeth, as a rule, increase in size from that which lies in front 
toward those which lie in the middle or at the hinder paii; of the series. 
Consequently, if the theory of evolution be correct, if that hypothe- 
sis of the origin of living things have a foundation, we ought to find 
in the series the forms which have preceded the horse, animals in 
which the mark upon the incisor gradually more and more disappears, 
animals in which the canine teeth are present in both sexes, and ani- 
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mals in which the teeth gradually lose the complications of their 
crowns and have a simpler and shorter crown, while at the same time 
they gradually increase in size from the anterior end of the series 
toward th^ posterior. Let us turn to the facts and see how they bear 
upon the requirements of this doctrine of evolution. 

In what is called here the Pliocene formation, that which consti- 
• tates almost the uppermost division of the tertiary series, we find the 
remains of horses. We also find in Europe abundant remains of horses 
in the most superficial of all these formations — that is, the post-ter- 
tiary, which immediately lies above the Pliocene. But these horses, 
which are abundant in the cave-deposits and in the gravels of Eng- 
land and Europe — these horses, of which we know the anatomical 
structure to perfection — are in all essential respects like existing horses. 
And that is true of all the horses of the latter part of the Pliocene 
epoch. But in the earlier Pliocene and later Miocene epoch, in depos- 
its which belong to that age, and which occur in Germany and in 
Greece, in India, in Britain, and in France, we find animals which are 
like horses in all the essential particulars which I have just described, 
and the general character of which is so entirely like that of the horse 
that you may follow descriptions given in works upon the anatomy of 
the horse upon the skeletons of these animals. But they difier in 
some impoi-tant particulars. There is a difference in the structure of 
the fore and hind limb, and that difference consists in this, that the 
bones which are here represented by two splints, imperfect below, are 
as long as the middle metacarpal bone, and that attached to the ex- 
tremity of each is a small toe with its three joints of the same general 
character as the middle toe, only very much smaller, and so disposed 
that they could have had but very little functional importance, and 
that they must have been rather of the nature of the dew-claws such 
as are to be found in many ruminant animals. This Hipparion^ or 
European three-toed horse, in fact presents a foot similar to that which 
you fiee here represented, except that in the European. Hipparion 
these smaller fingers are farther back, and these lateral toes are of 
smaller proportional size. 

But nevertheless we have here a horse in which the lateral toes, 
almost abortive in the existing horse, are fully developed. On care- 
ful investigation you find in these animals that also in the fore-limb 
the ulna is very thin, yet is traceable down to the extremity. In the 
hind-limb you find that the fibula is pretty much as in the existing 
horse. That is the kind of equine animal which you meet with in 
these older Pliocene and later Miocene formations, in which the mod- 
em horse is no longer met with. So you see that the Hipparion is 
the form that immediately preceded the horse. Now let us go a step 
farther back to the middle and older parts of which are called the 
Miocene formation. There you find in some parts of Eul-ope the 
equine animals which differ essentially from the modem horse, though 



Digitized by 



Google 



292 THE POPULAR SCIENCE MONTHLY. 

they resemble the horse in the broad features of their organization. 
They differ in the characters of their fore and hind limbs, and present 
important features of difference in the teeth. The forms to which I 
now refer are what constitute the genus Anchitherinm. We have 
three complete toes; the middle toe is smaller in proportion, the inner 
and outer toes are larger, and in fact large enough to rest upon the 
ground, and to have functional importance — not an animal with two 
dew-claws, but an animal with three functional toes. And in the fore- 
arm you find the ulna a very distinct bone, quite readily distinguisha- 
ble in its whole length from the radius, but still pretty closely united 
with it. In the hind-limb you also meet with three functional toes. 
The structure of the hind-foot corresponds with that of the fore-foot ; 
but in the hind-leg the fibula is better developed. In some cases I 
have reason to think that it is complete ; at any rate this lower end 
of it is quite distinctly recognizable. But the most curious change 
is that which is to be found in the eharactel of the teeth. The teeth 
of the Anchitherium have, in the first place, so far as the incisors are 
concerned, a rudimentary pit. The canine teeth are present in both 
sexes. The molars are short ; there is no cement, and the pattern is 
somewhat like this (drawing on the blackboard). In the upper jaw, 
there are two crescents and two oblique ridges, while in the lower 
jaw you have the double crescent. It is quite obvious that this (illus- 
trating from drawing) is a simpler form than that. By increasing the 
complexity of those teeth there, we have the horse's teeth. These are 
all the forms with which we are acquainted respecting the past his- 
tory of the horse in Europe. When I happened to occupy myself 
with this subject some years ago, notwithstanding certain difficulties, 
the facts left no doubt whatever in my mind that we had here a gen- 
eral record of the history of the evolution of the horse. You must 
understand that every one of these forms has undoubtedly become 
modified into various species, and we cannot be absolutely certain 
that we have found those species which constitute the exact line of 
modification, but it was perfectly obvious that we had here in Suc- 
cession, in time, three forms of the horse-type, of which the oldest 
came nearest to the general mammal. We saw that the forms which 
had existed afterward had undergone a reduction of the number of 
their toes, a reduction of the fibula, a more complete coalescence of 
the ulna with the radius. The pattern of the molar teeth had become 
more complicated and the interspaces of their ridges had become filled 
with cement. In this succession of forms you have exactly that which 
the hypothesis of evolution demands. The history corresponds ex- 
actly with that which you would construct a priori from the princi- 
ples of evolution. An alternative hypothesis is hardly conceivable, 
but the only one that could be framed would be this, that the Anchi- 
therium^ the Hlppariony and the horse, had been created separately 
and at sepai^te epochs of time. I^or that hypothesis there could be 
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no scientific evidence, and it is not pretended that there is the slight- 
est evidence of any other kind that such successive creation has ever 
taken place. When I was investigating this subject only the collec- 
tions in Europe were accessible to me, but the materials they yielded 
led me to think that the horse must have descended from an Anchi- 
therium-like ancestor, and I may say, as I happen to know by cor- 
respondence with him, that very eminent anatomist, the late Prof. 
Lartet, of Paris, had arrived independently at the same conclusion. 
Indeed, the story is so plain that no one deserves any particular credit 
for drawing so obvious a conclusion. And since then paleontological 
inquiry has not only given us greater and greater knowledge of the 
series of horse-like forms, but enabled us to fill up the gaps in the 
series, and to extend that series farther back in time. 

That knowledge has recently come to us, and assuredly from a 
most unexpected quarter. You are all aware that when this country 
was first discovered by Europeans there were no traces of the exist- 
ence of the horse in any part of the American Continent. And, as is 
well known, the accounts of the earlier discoveries dwell upon the 
astonishment of the natives when they first became acquainted with 
that astounding phenomenon — a man seated upon a horse. Never- 
theless, as soon as geology began to be pursued in this country, it was 
found that remains of horses — horses like our European horses — like 
the horses which exist at the present day — are to be found in abun- 
dance in the most superficial deposits in this country, just as they are 
in Europe. For some reason or other — no feasible suggestion on that 
subject, so far as I know, has been made — ^but for some reason or other 
the horse must have died out on this continent at some period pre- 
ceding — how long we cannot say — the discovery of America by the 
Europeans. Of late years there have been discovered on this conti- 
nent — in your Western Territories — that marvelous thickness of ter- 
tiai-y deposits to which I referred the other evening, which gives us a 
thickness and a consecutive order of older tertiary rocks admirably cal* 
culated for the preservation of organic remains, such as we had hith- 
erto no conception of in Europe. They have yielded fossils in a state 
of preservation and in number perfectly unexampled. And with re- 
spect to the horse, the researches of Leidy and others have shown 
that numerous forms of that type are to be found among these remains. 
But it is only recently that the very admirably contrived and most 
thoroughly and patiently worked-out investigations of Prof. Marsh 
have given us a just idea of the enormous wealth and scientific im- 
portance of these deposits. I have had the advantage of glancing 
over his collections at New Haven, and I can truly and emphatically 
say that, so far as my knowledge extends, there is nothing in any way 
comparable, for extent, or for the care with which the remains have 
been got together, or for their scji^entific importance, to the series of 
fossils which he has brought together. (Applause.) This enormous 
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collection has yielded evidence of the most striking character in regard 
to this question of the pedigree of the horse. Indeed, the evidence 
which Prof. Marsh has collected tends to show that you have in Amer- 
ica the true original seat of the equine type — the country in which the 
evidence of the primitive form and successive modifications of the horse 
series is far better preserved than in Europe ; and Prof. Marsh's kindness 
has enabled me to put before you the following diagram, every figure in 
which is an actual representation of the specimen which is preserved in 
New Haven at this present time. The succession of forms which he has 
brought together shows, in the first place, the great care and patience 
to which I have referred. Secondly, there is this Pliocene form of the 
horse (Pliohippvs) ; the conformation of its limbs presents some very 
slight deviations from the ordinary horse, and with shorter crown of 
the grinding teeth. Then comes the form which represents the Euro- 
pean Hipparion^ which is the JProtohippies^ having three toes and the 
forearm and leg and teeth to which I have referred, and which is more 
valuable than the European JSipparion for this reason : it is devoid 
of some of the peculiarities of that form — peculiarities which tend to 
show that the European Hipparion is rather a side branch than one 
in the direct line of succession. Next comes the MtohippuSy which 
corresponds pretty nearly with what I spoke of as the Anchitherium 
of Europe, but which has some interesting peculiarities. It presents 
three toes — one large median and two lateral ones ; of the toe which 
answers to the little finger of the human hand, there is only a rudi- 
ment. This is, however, as far as European deposits have been ena- 
bled to carry us with any degree of certainty in the history of the 
horse. In the American tertiaries, on the contrary, the series of 
equine forms is continued down to the bottom of the Eocene. The 
older Miocene form, termed MesohipptM^ has three toes in front and 
a large splint-like rudiment representing the little finger, and three 
toes behind. The radius and ulna are entire, and the tibia and fibula 
Sistinct, and the teeth are anchitheroid with short crowns. 

But the most important discovery of all is the Orohippus — 
which comes from the lower part of the Eocene formation, and is 
the oldest member of the equine series known. Here we have four 
complete toes on the front-limb, three toes on the hind-limb, a well- 
developed ulna, a well-developed fibula, and the teeth of simple pat- 
tern. So you are able, thanks to these great researches, to show that, 
so far as present knowledge extends, the history of the horse-type is 
exactly and precisely that which could have been predicted from a 
knowledge of the principles of evolution. And the knowledge we 
now possess, justifies us completely in the anticipation that when the 
still lower Eocene deposits and those which belong to the Cretaceous 
epoch have yielded up their remains of equine animals, we shall find 
first an equine creature with four complete toes and a rudiment of the 
innermost toe in front, and probably a rudiment of the fifth toe in the 
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hind-foot/ In still older forms the series of the digits will be more 
and more complete, until we come to the five-toed animals, in which 
most assuredly the whole series took its origin. 

That is what I mean, ladies and gentlemen, by demonstrative evi- 
dence of evolution. An inductive hypothesis is said to be demon- 
strated when the facts are shown to be in entire accordance with it. 
If that is not scientific proof, there are no inductive conclusions which 
can be said to be scientific. And the doctrine of evolution at the 
present time rests upon exactly as secure a foundation as the Coper- 
nican theory of the motions of the heavenly bodies. Its basis is pre- 
cisely of the same character — the coincidence of the observed facts 
with theoretical requirements. As I mentioned just now, the only- 
way of escape, if it be a way of escape, from the conclusions which I 
have just indicated, is the supposition that all these different forms 
have been created separately at separate epochs of time, and I repeat 
that of such an hypothesis as this there neither is nor can be any sci- 
entific evidence, and assuredly, so far as I know, there is none which 
is supported, or pretends to be supported, by evidence or authority 
of any other kind. I can but think that the time will come when 
such suggestions as these, such obvious attempts to escape the force 
of demonstration, will be put upon the same footing as the supposi- 
tion made by some writers, who are, I believe, not completely extinct 
at present, that fossils are not real existences, are no indications of 
the existence of the animals to which they seem to belong ; but that 
they are either sports of Nature or special creations, intended — as I 
heard suggested the other day — to test our faith. In fact, the whole 
evidence is in favor of evolution, and there is none against it. And I 
say this, although perfectly well aware of the seenaing difficulties which 
have been adduced from what appears to the uninformed to be a scien- 
tific foundation. I meet constantly with the argument that this doc- 
trine of evolution cannot be correct, because it requires the lapse of a 
very vast period of time, and that the duration of life upon the earth 
thud implied is inconsistent with the conclusions arrived at by the as- 
tronomer and the physicist. I may venture to say that I am familiar 
' with those conclusions, inasmuch as some years ago, when President 
of the Geological Society of London, I took the liberty of criticising 
them, and of showing in what respects, as it appeared to me, they 
lacked complete and tht)rough demonstration. But, putting that 
point aside altogether, suppose that, as the astronomers, or some of 
them, and some physical philosophers, tell us, it is impossible that 
life could have endured upon the earth for as long a period as is re- 
quired by the doctrine of evolution — supposing that to be proved, 
what I want to know is, what is the foundation for the statement that 

V Since this lecture was delivered, Prof. Marsh has discovered in the lowest Eocene 
deposits of the West a new genus of equine mammals (EohipptL8\ which corresponds 
very nearly to this description. — American Journal of Scien/ce^ November, 1876. 
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evolution does require so great a time ? The biologist knows nothing 
whatever of the amount of time which may be required for the pro- 
cess of evolution. It is a matter of fact that those forms which I 
have described to you occur in the order which I have described iu 
the tertiary formation. But I have not the slightest means of guess- 
ing whether it took a million of years, or ten millions, or a hundred 
millions, or a tholisand millions of years, to give rise to that series of 
changes. As a matter of fact, the biologist has no means of arriving 
at any conclusion as to the amount of time which may be needed for 
a certain quantity of organic change. He takes his facts as to time 
from the geologist. The geologist, taking into consideration the rate 
at which deposits are formed and the rate at which denudation goes 
on upon the surface of the earth, arrives at certain more or less justi- 
fiable conclusions as to the time which is required for the deposit of a 
certain amount of rocks, and if he tells me that the tertiary forma- 
tions required 500,000,000 years for their deposit, I suppose he has 
good ground for what he says, and I take that as the measure of the 
duration of the evolution of the horse from the Orohippua up to its 
present condition. And, if he is right, undoubtedly evolution is a 

. very slow process, and requires a great deal of time. But suppose, 
now, that an astronomer or a physicist — for instance, my friend Sir 
William Thomson — comes to me and tells me that my^ geological 
friend is quite wrong, and that he has capital evidence to show that 

. life could not possibly have existed upon the surface of the earth 
500,000,000 of years ago, because the earth would have been too hot 
to allow of life, my reply is : " That is not my affair ; settle that with 
the geologist, and when you have come to an agreement) between 
yourselves I will adopt your conclusion." We take our time from 
the geologist, and it is monstrous that, having taken our time from 
the physical philosopher's clock, the physical philosopher should turn 
round upon us, and say we are going too fast. What we desire to 
prove is, is it a fact that evolution took place ? As to the amount of 
time it took, we are in the hands of the physicist and the astronomer, 
whose business it is to deal with those questions. 

I think, ladies and gentlemen, that I have now arrived at the con- 
clusion of the task which I set before myself when I undertook to de- 
liver these lectures before you. My purpose has been, not to enable 
those of you who have not paid attention to these subjects before to 
leave this room in a condition to decide upon the validity or the in- 
validity of the hypothesis of evolution, but to put before you the 
principles by which all such hypotheses must be judged ; and, further- 
more, to make apparent to you the nature of the evidence and the 
sort of cogency which is to be expected and may be obtained from it. 
To this end I have not. hesitated to regard you as genuine students 
and persons desirous of knowing the truth. I have not hesitated to 
take you through arguments, even long chains of arguments, that I 



Digitized by 



Google 



298 THE POPULAR SCIENCE MONTHLY. 

fear may have sometimes tried your patience, or to have inflicted 
upon you details which could not possibly be escaped, but which may 
well have been wearisome. But I shall rejoice — ^I shall consider I 
have done you the greatest service which it was in my power in such 
a way to do— if I have thus convinced you that this great question 
which we are discussing is not one to be dealt with by rhetorical 
flourishes or by loose and superficial talk, but that it requires the 
keenest attention of the trained intellect and the patience of the most 
accurate observer. When I commenced this series of lectures, I did 
not think it necessary to preface them with a prologue, such as might 
be expected from a stranger and a foreigner ; for, during my brief 
stay in your country, I have found it very hard to believe that a 
stranger could l^e possessed of so many friends, and almost harder to 
imagine that a foreigner could ezpress'himself in your language in such 
a way as, to all appearances, to be so readily intelligible ; for, so far 
as I can judge, that most intelligent, and, perhaps, I may add most 
singularly active and enterprising body, your press reporters, do not 
seem to have been deterred by my accent from giving the fullest ac- 
count of everything that I happen to have said. But the vessel in 
which I take my departure to-morrow morning is even now ready to 
slip her moorings ; I awake from my delusion that I am other than a 
stranger and a foreigner. I am ready to go back to my place and 
country, but, before doing so, let me, by way of epilogue, tender to 
you my most hearty thanks for the kind and cordial reception which 
you have accorded to me ; and let me thank you still more for that 
which is the greatest compliment which can be aflbrded to any person 
in my position — the continuous and undisturbed attention which you 
have bestowed upon the long argument which I have had the honor 
to lay before you. 



THE STUDY AND TEACHmG OF BIOLOGY.* 

Bt PBonwaoB H. NEWELL MAETIN, D. So., M. B., B. A. 

WE meet to-morrow to formally begin the biological work of this 
University — to commence that systematic study of animal and 
vegetable form and function, relationship and distribution, which we 
include under the names of Comparative Anatomy, ZoSlogy, Physi- 
ology and Botany, or in the general terms Biology or Natural His- 
tory. I have thought that it might be well to-day to take an oppor- 
tunity of laying before you what seem to be the ends which we 
should hold in view, and the methods on which we should work, if we 
are to attain or to deserve a permanent success. I am further induced 

> An introductorj lecture delivered at the Johns Hopkins XTniyersity, October 28, 
1876. 
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to take this course by the fact that our present year's work is confess- 
edly of a tentative nature : one main object of it being to enable us to 
decide upon what lines we are to go forward in the future ; and I be- 
lieve it may facilitate decision on some points if we have before us, 
as a sort of basis for discussion, a definite statement of views on the 
subject, no matter how imperfect such statement may be in itself, or 
boiv much the opinions expressed in it may afterward be found to re- 
quire modificatiotu What I propose, therefore, is not simply to tell 
you what are our arrangements for this year, but also to put before 
you some thoughts as to what I think we ought to do in the time to 
come. It is, I am sure, unnecessary for me to dilate al any length, 
before this audience, upon the interest and importance of biological 
studies. However contributory to our culture and welfare other studies 
may be, biology has, and ever must have, a very special interest of its 
own : it alone deals with the living organisms which surround lis, and 
which are the only things that share with us that wonderful collo- 
cation and interaction of natural forces which we call life. Biology, 
too, includes within its range the study of man himself, so far as 
one side of his nature is concerned ; and, as regards his mental and 
moral qualities, the psychologist and sociologist have already begun 
to recognize that the progress of their sciences is closely bound up 
with the development of certain branches of biology. As regards its 
practical value I might set forth at length the indebtedness of scien- 
tific medicine and of sanitary science to biology; but I prefer not to 
recommend the study to you by such considerations. This is a univer- 
sity: and the object of a university, I take it, is directly to promote 
liberality of thought and culture, and only indirectly to concern 
itself with the practical advancement of material welfare. It is con- 
cerned rather with the acquirement of a knowledge of principles than 
with their practical applications ; although, in connection with it, it 
may have subsidiary schools where those who have already learned 
the principles may acquire a practical knowledge of various arts. 
Nevertheless it is true that, if we devote ourselves to the higher ob- 
jects, the rest will be added unto us ; for it is one of the great glories 
of all the physical sciences that, while second to none in the training 
which a study of them gives to all the faculties of the mind — ^in the 
promotion of large and liberal ideas, and in the gratiBcation of that 
longing to " know," which is the noblest characteristic of the human 
intellect — they at the same time, as a by-thing, but constantly, con- 
tribute to the increase of man's comfort, and to the material pros- 
perity and happiness of his race. Those who advance our knowledge 
of the laws of animal and vegetable life may work without any imme- 
diate outlook to the advancement of medicine, hygiene, and agri- 
culture, but such advancement constantly follows and springs from 
their work, and will ever do so. 

To those who are in any degree acquainted with the state 
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of the scientific world, the present must seem a specially opportune 
time for foi^nding a biological schooL At no previous period has 
such an interest been taken in biological problems, or have so many 
earnest workers been in the field — never before has so rich a harvest 
been in view. This is mainly owing to the promulgation of two 
great ideas within the last few years. On the morphological side we 
have the doctrine of evolution applied to living forms, and especially 
as definitely put forward by the theory of the origin of species by 
natural selection ; while on the physiological side we have the doctrine 
of the conservation of energy, and its extension to the play of forces 
in living organisms. It matters not whether these theories be correqt 
representations of the facts or not, or whether increase of knowledge 
confirms or upsets them — in any case they have been of incalculable 
importance in stimulating work and in giving a present and direct 
significance to its results, I can imagine no time for the biologist to 
live in which would be more interesting than the coming half-century, 
or none in which he will have a greater incentive to study ; he seems 
to have alnwst within his grasp the solution of problems of the widest 
significance. 

Those of us directly concerned in the administration of the bib- 
logical laboratory here, are charged with the fulfillment of two 
duties : we have to make provision for the advancement of knowl- 
edge, and for its diffusion ; we are to find accommodation and assist- 
ance for both investigators and students ; while we must not suffer 
those engaged in research to be crowded out by beginners, neither 
must the beginners be overlooked in providing for those to whom 
they are one day to succeed. The liberal space at our disposal will 
permit us, at any rate for the present, to accommodate b*oth classes 
of workers, without risk of the extermination of either. Meanwhile I 
have, then, to occupy your time with a few words on two subjects : on 
biological research, and on biological teaching. 

One hears a good deal talked nowadays of scientific research, and 
among it a good deal of what I cannot but think mischievous nonsense 
about the peculiar powers required by scientific investigators. To 
listen to many, one would suppose that the faculty of adding any- 
thing whatever to natural knowledge was one possessed by extremely 
few persons. I believe, on the contrary, that any man possessed of 
average ability and somewhat more than average perseverance, is 
capable, if he will, of doing good original scientific work. Any hard- 
working and commonly intelligent man, who likes bis profession, will 
make a good soldier, or lawyer^ or doctor, though that combination 
of powers which makes the great general, or the great jurist, or the 
great physician, is given to but few. 

So it is with the pursuit of Science: assuredly not every one of 
her followers, very probably not one among us now present, will be- 
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come a Linnaeus, or a Cuvier, or an Agassiz. It may not be given to 
any of us to make some brilliant discovery, or to first expound some 
illuminating generalization ; but we can, each and all, if we will, do 
good and valuable work in elucidating the details of various branches 
of knowledge. All that is needed for such work, besides some leisure, 
intelligence, and common-sense (and the more of each the better), is 
undaunted perseverance and absolute truthfulness ; a perseverance 
unabated by failure after failure, and a truthfulness incapable of the 
least perversion (either by way of omission or commission) in the 
description of an observation or of an experiment, or of the least 
reluctance to acknowledge an error once it is found to have been 
made. Moreover, this love of truth must extend to a constant 
searching and inquisition of the mind, with the perpetual endeavor 
to keep inferences from observation or experiment unbiased, so far 
as may be, by natural predilections or favorite theories. Perfect suc- 
cess in such an .endeavor is, perhaps, unattainable, but the scientific 
worker idust ever strive after it ; theories are necessary to guide and 
systematize his work, and to lead to its prosecution in new directions , 
biit they must be servants, and not masters. I may, perhaps, seem to 
be insisting at too great length on a self-evident point ; but the more 
one knows of scientific work and workers, the more does one realize 
V -the importance and ithe difficulty of attaining a perfectly-balanced 
mind and of arriving at an unprejudiced deduction from observation. 

I believe, then, that the only absolutely necessary faculties for 
the scientific investigator are love of his work, perseverance, and 
truthfulness ; to make the great leader and master in science, one of 
those who cast a new ray of light on our conceptions of the universe, 
other and far i*arer powers are, of course, needed — the most essen- 
tial being originality of thought; and, as that cannot be either 
self-taught or taught from outside but must be born in the bone, 
all that the rest of us can do when we meet such men is to give them 
a free course and ungrudging help. That an army may attain its 
best success, needs indeed that every man be brave and loyal, but it 
is by no means requisite that every soldier be a brigadier-general ; 
so in the army of Science there is place for soldiers of all ranks and 
capabilities — and, at any rate,, we know this, that Nature reveals her 
secrets, which are her rewards, on no system of purchase or favor- 
itism — what a man deserves that he gets , every drummer-boy who 
enters her service carries the marshal's hdton in his pocket. His re- 
ward will be proportionate to the amount of time and intelligence he 
devotes to his work ; given, in addition, certain opportunities which 
every one has not for himself, but which it is one great object of such 
institutions as this to provide for all. 

If what I have just stated be the general requisites of the scientific 
. investigator, we have next to inquire what special needs has the biolo- 
gist : these may all be grou»^»'"d under the head of preliminary train- 
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ing. He must have a fair knowledge of mechanics, experimental 
physics, and chemistry ; he ought to (I would almost again say he 
must) he ahle, besides English, to read at least French and German 
with facility — assuredly, if he cannot, he will labor with much toil 
and sorrow — and the more mathematics he knows, with the present 
rapid importation of quantitative ideas into biological science, the 
better for him ; and for certain special branches of biological work 
there are other special needs. No mistake is more disastrous than 
the idea that a man can be a botanist and nothing more ; a zodlogist, 
and nothing more ; a physiologist, and nothing more. It is true that 
no one can be master of all the physical sciences, but it is none the 
less tnife that hardly one of them can be entirely neglected by the 
biologist. Animals and plants are, after all, material objects, and live 
in accordance with the laws that govern matter; but the manifesta- 
tions of these laws are so often obscured and complicated by the con- 
ditions in which they occur in living things, that the understanding 
of them is only to be got at by approaching them through their sim- 
pler manifestations in inorganic bodies. But, apart from that, definite 
knowledge of various sciences is constantly required by the biologist. 
How can one ignorant of physics have any real appreciation of the 
statement that the transmission of a nervous impulse is accompanied 
by a molecular alteration in the structure of a nerve-fibre, one sign of 
which is a certain very definite and peculiar alteration in its electrical 
properties ; or how can one ignorant of chemistry grasp the funda- 
mental statement that muscular work is in the long-run dependent 
on the breaking down of complex chemical molecules into simpler 
and more stable ones ? How can the zo5logist or botanist scientifically 
study the distribution of animals and plants in space, imless he has a 
knowledge of physical geography ; or in time, unless he knows some- 
thing of geology ? I need not prolong the list. 

Furthermore, no one can properly study any branch of biology 
without some knowledge of its other divisions. The fundamental 
laws of animal and vegetable life are identical, and only fully realized 
by comparison ; so, while the scientific botanist, to fully appreciate the 
facts of his own science, must be something of a zoologist, so must 
the zoologist know something of plants : no one living being or group 
of living beings can be properly understood by itselt To take other 
examples: how is the morphologist to deal with such problems 
as those presented to him by rudimentary organs, unless he know 
something of the functions of parts, which is the special domain of 
physiology ; or, how is he to understand the influence of extern^ 
conditions in the production and preservation of variations in force, 
without, again, this knowledge of function ? And, as regards the physi- 
ologist, he has frequently to search the whole animal and vegetable 
kingdoms not only to discover those forms which give him the best 
opportunity of studying certain phenomena, but also to get at those 
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fundamental ideas which lie ai; the base of his whole science. What 
general and broad ideas should we have of the contractility of proto- 
plasm if we only knew it in the highly-specialized form of a muscular 
contraction ; or of its irritability, if we only knew it as exhibited in 
the nervous apparatus of. one of the higher animals ? It is quite true 
that, without any breadth of knowledge, a man may collect, label, and 
store away thousands of plants ; he may macerate and articulate the 
most beautiful skeletons ; he may cut, stain, and mount, the most ex- 
quisite microscopic preparations: but assuredly he is not likely to 
do any work entitled to the name scientific ; such mechanical work has 
its value, no doubt, but it is only preliminary t6 real scientific work — 
which latter requires wide knowledge and extended views, and is more 
valuable the broader the foundation on which it has been built up. 

It is this mutual dependence of biological studies which appears 
to me the justification of grouping together, as we do here, the study 
of such a number of vast subjects in a single laboratory. By that 
means each investigator will receive knowledge and assistance from 
the other ; under such a system the desirable intercommunication of 
ideas is rendered most easy ; and we are most likely to escape that 
narrow specialism which every laboratory in the long-run has a ten- 
dency to get into. Of course, no one person is capable of giving de- 
tailed assistance in investigations in all the branches of biology ; but 
our staff of professors will doubtless grow, and meantime we shall, 
I trust, by the associate and fellowship system of the university, have 
at all times among us well-qualified men in every branch of biology ; 
so that no one fitted for the task, and earnest and willing in its prose- 
cution, who may come here to undertake any special research, will 
fail to find some one able and willing to advise him when he needs 
advice, and to assist him when he needs assistance. 

What we want here, then, is men with the requisite zeal and train- 
ing for investigation — we care not whether classification, or morphol- 
ogy, or physiology, or any other branch of biology js their specialty ; 
all we claim is that they shall be able to work, shall mean to work, 
and shall work — ^we shall give no quarter to the indolent or ignorant : 
the former we will not have on any terms, and the latter must enter 
for the preparatory courses, and will not he allowed to occupy tables 
set apart for research. Surely, if we select wisely, and find men to 
work faithfully, we may look forward with confidence to the time 
When we shall find ourselves in the condition of such laboratories as 
those of some of the German universities, where, on account of the 
high class of work done in them, the ablest young men from all over 
the world beg for admission ; where one finds, working side by side, 
men from every civilized nation, and where, in the presence of the 
great demand for admission, entry is esteemed a precious privilege. 

As to the special aid which we can offer to those who come among 
us to engage in investigation, it will, of course, depend on two factors, 
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upon the natural gifts of those charged with the supervision of the 
laboratory, and the amount of money which those whose duty it is to 
decide on such matters see right to place at their disposal : for, how- 
ever important we biologists may think gurselves, the fact remains 
that there are other studies to be provided for, and studies just as 
important as our own. For the present I can say, however, that we 
have at our disposal one large and well-lighted room, for general 
work — a room fitted up for physiologico-chemical investigations — and 
several smaller rooms for physiological and histological research. As 
regards instruments we have ordered, and in part received, a very 
excellent stock, including the most essential ones for every branch of 
physiological research — and I have no doubt that every year we shall 
receive grants to add to our stock, and keep up with the times. 

The zoological and comparative anatomy departments differ from 
the physiological in not needing so many special instruments ; what 
they mainly need are (besides work-rooms) material for examination 
and dissection, and books, especially monographs, and those we shall 
make it a point, to the best of our power, to obtain from time to time 
as they are wanted. It seems to me that it is not our duty to provide 
vast herbaria and museums containing every plant and animal under 
the sun — to provide such collections is the duty rather of the nation 
than of a university — nor do I think we should be wise to collect and 
store away things promiscuously, in the hope that some one will want 
them some time. We should rather Concentrate our force on getting 
what is wanted for the time being. If some one wants to elucidate 
any point in the structure of the Echinoderms, for example, we should 
do our best to obtain specimens for him — even from all parts of the 
world ; if some one else wants to work at the embryology of any fish 
or amphibian, we should again endeavor to get him the eggs in va- 
rious stages of development, and so on ; but I doubt the wisdom of 
sending out collectors with orders to store away everything they can 
catch, fish, flesh, ^nd fowl, in spirit, and send it to us. We have no- 
where to display such collections if we got them — the vastly greater 
part of them would never be used — and when reference to extensive 
collections is necessary, we have always at hand the admirable mu- 
seum illustrating the fauna and flora of this State which is being 
brought together by the Academy of Sciences in this city, and the 
national collections at Washington are within an hour's journey of us. 
Bringing together from time to time such materials for special re- 
searches as I have indicated above, will naturally entail considerable 
expenditure, but I am sure that the trustees, if they see we mean 
work, will do all they can to supply our needs. 

Now let us turn to the other part of our subject, biological teach- 
ing : from part of what I have already said you have doubtless gath- 
ered something of my views on this matter. If biology be the com- 
plicated study that I have endeavored to indicate, it is in the first 
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place clear that, in justice both to the stadent and his teachers, a cer- 
tain preliminary training must be insisted upon as a preparation for 
his admission to a biological laboratory ; at least the student must 
have a fair knowledge of physics and chemistry before he comes 
there ; and, when he gets there, the thing next to insist upon is, that 
his teaching be as largely demonstrative and practical as possible, 
lectures being made of secondary and laboratory-work of primary 
importance. 

It matters not to me where the student gets this preparatory 
knowledge ; whether here or at some other institution. I believe he 
ought to acquire it largely at school, as a part of general education ; 
but, as that seems in the present condition of primary education almost 
impossible, I shall perhaps best make clear my ideas on the matter 
if I endeavor to sketch out what I think should be the course gone 
through by a youth fresh from some high-school or college, where 
he has got an otherwise sound general education, but without any- 
thing more than a sham knowledge of physics, and who enters this 
university with the intention of qualifying himself for biological re- 
search or teaching hereafter; and you will, I hope, forgive me if, 
with the same object of obtaining clearness, I put what I have to 
say into a somewhat dogmatic form. 

Such a person ought to enter at once upon courses of instruction 
in experimental physics and chemistry, and devote almost wholly his 
first year to them ; but during the latter part of that year, say be- 
tweeij the spring vacation and the end of the session, he would, in 
addition, go through a course of instruction in what we may call gen- 
eral biology. By that I mean a course of instruction in which he 
would acquire some knowledge of how to use his microscope and how 
to dissect, and thus gain a certain amount of that special manipula- 
tive dexterity which he will require afterward. He would also gain 
a general acquaintance with biological ideas, and with the meaning of 
the more important technical terms : he would gain, for example, a 
real, because a practical, knowledge of what we mean by classifica- 
tion, and of the principles on which classifications are founded; he 
would learn similarly, with his eyes as well as his ears, what we 
mean by morphology, and homology, and a host of similar terms ; 
and he would, in addition, acquire a special acquaintance with the 
structure and actions of certain selected typical animal and vege- 
table forms. This, then, would finish the first year's work, unless our 
student should be ignorant of French and German. If so, he ought 
also to acquire, what is really very easily got, at least a fair reading 
knowledge of those languages. 

At the commencement of his second year the student should enter 
for two elementary practical courses, one on comparative anatomy 
and zo5logy, the other on animal physiology. These courses would, 
I imagine, last about six months each, and they should be taken pari 
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passu. Each would consist, say, of two lectures a week, and the 
rest of the time would be filled up with the dissection of typical 
animals, the performance of the simpler physiological experiments, 
and the preparation and examination of microscopic, specimens of 
animal tissues, all illustrative of the main points put forward in the 
lectures. The student would jlso be made to draw sketches of his 
dissections and microscopic preparations, and to describe them and 
the results of his experiments briefly in writing, and sO while learn- 
ing thoroughly how to dissect and use his microscope, and the con- 
ditions of success in physiological experiment, he would also have bis 
powers of observation regularly trained and tested. 

In connection with these courses there should be a museum, con- 
taining not a bewildering multitude of specimens, but a small num- 
ber of dissections and skeletons of typical animals, especially of 
those which it is important for the student to know, but which are 
too rare to be obtained in quantities allowing each to dissect one for 
himself; and these specimens should be so placed that they 'may be 
freely accessible to those desiring to study them. It is far better to 
have to replace an injured specimen occasionally thau to have the 
things locked up behind glass doors, so as. to render their thorough 
examination impracticable to those for whose examination they are 
placed there. Moreover, especially in connection with the physiologi- 
cal course, there would be needed from time to time, according to the 
subject-matter of the lectures, demonstrations of certain points ; in 
cases, for instance, needing the employment of the more delicate in- 
struments, or where niceties of manipulation were required, such as a 
beginner could not be fairly expected to overcome. 

I ought perhaps here to refer to the subject of vivisection. Phys- 
iology is concerned with the phenomena going on in living things, 
and vital processes cannot be observed in dead bodies; and from 
what I have said you will have gathered that I intend to employ 
vivisections in teaching. I want, however, to say, once for all, that 
here, for teaching purposes, no painful experiment will be performed. 
Fortunately, the vast majority of physiological experiments can now- 
adays be performed without the infliction of pain, either by the ad- 
ministration of some of the many anaesthetics known, or by previous 
removal of parts of the central nervous system ; and such experiments 
alone will be used here for teaching. With regard to physiological 
research the case is different : happily here too the number of neces- 
sarily painful experiments is very small indeed ; but in any case where 
the furtherance of physiological knowledge is at stake — where the 
progress of that science is concerned, on which all medicine is based, 
so far as it is not a mere empiricism — I cannot doubt that we 
have a right to inflict suffering upon the lower animals, always pro- 
vided that it be reduced to the minimum possible, and that none but 
competent persons be allowed to undertake such experiments. Placed, 
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moreover, as we shall be here, in more or less close connection with a 
splendidly-equipped hospital, so that we shall be able constantly to 
combine skilled pathological observation with physiological experi- 
ment in an excellent laboratory, we have duties to perform toward 
the advancement of Scientific medicine, 'from whose performance I 
believe it would be criminal in us, as it would be shameful, to flinch 
in any way. 

But to return to our special subject : the last three months of the 
student's second year should be occupied with a laboratory course 
of instruction in vegetable morphblogy and physiology, and with a 
course of lectures on embryology, accompanied with a full practical 
study of the development of the chick from the earliest stages of in- 
cubation. 

The student will have now got an extensive acquaintance with 
biological facts and methods, and henceforth he should be allowed and 
encouraged to specialize his work. He would be permitted to select 
for more detailed study in his third year either animal morphology, or 
botany, or physiology, and the best men in each subject would be 
picked out and allowed to act as demonstrators to the second-year 
students, and so be given the opportunity of acquiring a far more 
accurate knowledge than they could attain in any other way. Tor 
these third-year men, too, short advanced courses of lectures would 
be given from time to time, such as on the physiology of nutrition, 
the physiology of the senses, the geographical distribution of animals, 
on special morphological points, and* so on, and also on the more im- 
portant recent discoveries in various branches ; and the best of them 
might be put on some easy bit of original work, to try their metal 
and whet their appetites. 

After all this has been gone through, I think we can do no more 
in the way of teaching for our typical student ; he has now advanced 
enough to teach himself, and, if he is good for anything, will do it 
better than others can do it for him. I think that among students 
80 taught, as I have endeavored to indicate, we should be certain 
to meet with a large number of well-qualified men from among whom 
to select some of our fellows and associates, and would be justified in 
expecting from them work of the highest quality. As regards the 
remainder, those who display no special aptitude for scientific investi- 
gation, or no desire to devote themselves to science as a profession, 
they will at least have had the opportunity of acquiring a very thor- 
ough and practical knowledge of what modem biology means. 

It now remains for me to give a sketch of what our work for the 
present year will be, so far as I see my way at present. To-morrow 
I commence a course of lectures on animal physiology, which I pro- 
pose to deliver twice a week, on Tuesdays and Fridays, at 1.15 p. m. I 
have been induced to select this hour on account of special circum- 
stances affecting many of those who wish to attend this year, though as 
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a general rule I should like an earlier hour, nine or ten in the morning, 
which definitely brings a man early in the day to the laboratory, and 
gives me a better chance of getting a good day's work out of him. 
These lectures will be designed rather for those who have already some 
knowledge of physiology thian for beginners ; for so many instruments 
have not yet arrived, and so many arrangements are necessarily as yet 
imperfect, that it seems better for the present only to invite men who 
are more or less fitted by previous training to overcome such occa- 
sional difficulties and inconveniences as may from time to time arise 
from such causes. When I say that the lectures will be rather 
adapted for advanced students than beginners, I do not mean, how- 
ever, that I shall omit elementary but important facts, but that, in 
addition to those, I shall from time to time discuss at more or less 
length points which are still sub judice. The lectures will be illus- 
trated by no experiments : partly because, on account of the rapid 
changes which go on in living tissues, physiological-lecture experi- 
ments are likely to be the reverse of successful (a frog's muscle 
which has been lying on the table since the commencement of a lecture 
is very apt to contract abnormally when the lecturer wants it) ; but 
mainly because I want each student to make the illustrative observa- 
tions and experiments for himself — except in cases of unusual dif- 
ficulty, when demonstrations will be given at such hours as may he 
found most convenient to the majority. In the lectures I shall pre- 
suppose the possession by each present of such a knowledge of anat- 
omy as is necessary for physiological work, and, starting with the 
structure of blood, go regularly on through the histology and physi- 
ology of the tissues and organs of the animal body. These lectures 
will continue until the spring vacation, and then I mean to set to work 
specially for more elementary students, and put them through such a 
course of general biology as I have already described ; but possibly 
either I)r. Brooks or myself will give at that time some instruction in 
embryology of a more advanced character. 

As regards physiological research, several gentlemen have already 
consulted me with reference to undertaking investigations in different 
directions, and of course there is plenty of work to be done should 
others qualified for it present themselves. One difficulty which I 
have met with is that many seem to consider that a physiological 
investigation can be carried on by devoting to it an hour or two at 
irregular intervals : I feel quite sure that no good work is likely to 
be done in that way, and am not inclined to encourage such workers. 
Some, at least, of those engaged in investigation will be able to have 
accommodation in the special rooms, apart from the general labora- 
tory, which have been provided for that purpose. 

On the zoological and morphological side no arrangements have 
as yet been made for a lecture and laboratory course this year, nor so 
far as I know has any such demand as would render it advisable 
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shown itselt Should it do so, however, we may, perhaps, make ar- 
rangements for elementary instruction in those subjects, under the 
more, immediate superintendence of Dr. Brooks, our associate in biol- 
ogy, upon whose shoulders I must throw most of the burden of that 
side of the work. We shall, at any rate, collect material and make 
other preparations for such a course next year. After Christmas Dr. 
Brooks will give a course of lectures on " Morphological Theories." 

For the present, too, we shall have in the laboratory several well- 
trained zoologists and morphologists ; some engaged in prosecuting 
advanced studies, others in research. I fancy all of them are (as they 
ought to be) pretty well qualified to take care of themselves ; but Dr. 
Brooks and myself will do our best to give them such assistance as 
they may need, and to make arrangements by which they can be sup- 
plied with such material as they require. 

In conclusion, let me say a word to those of you here present who 
are to be the first workers with me in this laboratory. It behooves 
you as well as me to recognize what a heavy responsibility lies upon 
us. Upon the work that we do and the spirit in which we do it, upon 
the character we give our laboratory at its start, much of its future 
success or failure depends. If we all work honestly and thoroughly, 
it will win esteem and reputation ; if we are careless and half-hearted, 
it will become of low repute. Let us, then, each work loyally, ear- 
nestly, truthfully, so that when the time comes, as it will come sooner 
or later, in one way or another, to each of us, to depart hence, we 
may ca;:ry with us a good conscience, and be able to say that in 
our time no slipshod piece of work ever left the laboratory ; that no 
error we knew of was persisted in ; that our only desire was to know 
the truth. Let us leave a record which, if it perchance contain the 
history of no great feat in the memory of which our successors will 
glory, will at least contain not one jot or one tittle of which they can 
be ashamed. 



THE PAEALLEL KOADS OF GLEN ROT. 

FROM a lecture recently delivered by Prof. Tyndall before the 
Royal Institution, we gather the following facts in regard to 
that natural wonder in Scotland, which for so long remained a puzzle 
to all investigators. There is an unusual interest centred around its 
history, from the time when the country-people explained it by their 
crude and half-mythical theories, to the time when it became a labor 
of love for the untiring efforts and acute observations of scientists. 

The earliest published allusion to these roads was made in a work 
brought before the public a century ago, but no systematic descrip- 
tion of them appeared before 1817. They are found in the district of 
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Lochaber, Invemess-shire. On both sides of the steep, narrow glen 
through which the Roy runs, there are three perfectly horizontal and 
parallel roads, directly opposite on each side, those on one side corre- 
sponding exactly in elevation to those on the other. They are re- 
spectively 1,150, 1,070, and 860 feet above the sea, and are formed as 
shelves in the yielding drift which covers tbe sides of the mountains. 
They usually slope somewhat from the hill, and vary in width from 
one to twenty yards. The two highest stop abruptly at different 
points near the mouth of Glen Roy, although no barrier now remains 
to show any reason for it. At some points the grass on the shelves 
differs from that which is above and below, and, as the roads lie in the 
midst of heather-covered hills, the absence of the dark shrub from 
them adds greatly to their conspicuousness. 

The terraces were originally supposed to have been made for the 
heroes whose deeds have been sung by Ossian. A less romantic view 
was that " they were designed for the chase, and were made after the 
spots were cleared in lines from wood, in order to tempt the animals 
into the open paths after they were roused, in order that they might 
come within the reach of the bowmen who might conceal themselves 
in the woods above and below." In 1816 Playfair belieted them to be 
aqueducts for artificial irrigation. In 1817 Dr. MacCulloch discussed 
the probability of there having been lakes embosomed in Glen Roy 
at one time, and supposed that these roads were the margins of the 
lakes. It remained, however, for Sir Thomas Dick-Lander to bring 
forward the facts of the subject, and place them in a scientific light. 
Adjacent to Glen Roy is Glen Gluoy, along the sides of which there 
is a single terrace or road, having the same elevation on each side of 
the valley, and similar in all respects to the roads of Glen Roy. 
Wishing to see whether these two sides would be united at the head 
of the glen, and in what manner, he followed them into the mountains. 
As the valley gradually rose, he observed the shelves approaching 
each other more nearly ; and finally, at the head of Glen Gluoy, he 
discovered a water-shed of exactly the same elevation as the road 
which swept around the glen. This height was found to be 1,170 feet, 
or 20 feet higher than the upper road of Glen Roy, From this water- 
shed he passed through a lateral branch-valley to Glen Roy, de- 
scended to the highest road, and followed it up the glen as he Lad 
pursued the previous road. In the same manner he came upon a 
water-shed looking into Glen Spey, and of precisely the same eleva- 
tion as the road. After this he dropped down to the lowest shelf, 
and followed it to the mouth of the glen. It did not end here, how- 
ever, but doubled around the hills, and ran along the sides of the 
mountains which flank Glen Spean. Continuing eastward, he observed 
the Spean Valley gradually approaching the road until the two were 
on a level, when, as in the other cases, he discovered a water-shed. 

From these facts, convinced that water alone could have produced 
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the terraces, he saw that if the mouth of Glen Gluoy were stopped by 
a barrier, the waters from the surrounding mountains would be col- 
lected in the valley until they had reached the water-shed, when any 
further rise would be prevented by the branch-valley, which would 
carry the additional water off to Glen Roy. As long, then, as the 
barrier remained, there would be a lake in Glen Gluoy, at the exact 
level of the road, which, by constant action upon the loose drift. 




Parallxl Boads or Glxn Bot. 

would be sufficient to produce the road. Now, if the mouth of Glen 
Roy should also be barred at the same time by a sufficiently high bar- 
rier, the waters would be collected behind it, the surface of the lake 
would rise till it reached the water-shed dividing Glen Roy from Glen 
Spey, when the superabundant water would flow into the latter val- 
ley. In this way the highest shelf of Glen Roy would be formed. If 
its barrier were now to be partly removed, so as to establish a connec- 
tion between it and the upper part of Glen Spean, while the lower 
part remained blocked up, upper Glen Spean and Glen Roy would 
then be occupied by a continuous lake, the level of which would be 
determined by the water-shed discovered in Glen Spean, The water 
in Glen Roy would take a level corresponding to its new place of es- 
cape, and the lowest parallel road would be formed. The conclusions 
thus drawn would be strictly logical, if proof could be offered as to 
the existence of the barriers. 

In Glen Spean there is a large quantity of detritus, and Sir Thomas 
Dick-Lander supposed that this had at one time been heaped up by 
some unknown convulsion. As he could not account for the middle 
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road of Glen Boy ia the same manner, he assumed that at a certain 
point — the level of this road — the barrier which had been wasting 
away held its ground for a sufficiently long time to form the road. 
But, on the same principle, there would naturally have been a greater 
number of roads in this glen, and additional roads in the other glens. 
A weakness was thus admitted into the theory which was immediately 
attacked by Mr. Darwin. He believed that the whole region had once 
been covered by the sea, and that, in the upheaval of the earth, there 
were pauses during which these roads were formed. But this would 
not account for the sea being higher in one of the glens than in an- 
other, nor for the unequal number of terraces by which the mountains 
are belted. As soon as Mr. Darwin detected these fallible points, he 
abandoned his theory. 

In 1847 the Dick-Lander hypothesis received new strength from a 
discovery made by Mr. Milne-Home. There is a lateral glen, called 
Glen Glaster, running eastward from Glen Roy, which had escaped 
the notice of Sir Thomas Dick-Lander. Mr. Milne-Home entered this 
glen, pursued a branch of it extending to the southeast, and came 
upon a water-shed exactly level with the second Glen Roy road. On 
the same theory as before, when the barrier should be properly re- 
moved, the water in Glen Roy would sink to the second road, and the 
surplus water would escape over the Glen Glaster water-shed into 
Glen Spean. But this mode of explanation could not yet be accepted, 
for there is scarcely a trace left of the immense quantity of detritus 
that would have been necessary to form the barriers. Nor could the 
detritus have been swept away by glaciers, for there have been no 
glaciers in these valleys since the retreat of the lakes. 

At the time when Sir Thomas Dick-Lander was making his inves- 
tigations, the action of ancient glaciers was not understood. The 
subject had been pursued in Switzerland, but it was not till 1840 that 
unmistakable marks of glacier-action were pointed out in Great Britain 
by Agassiz. He visited Glen Roy, and, having detected the traces of 
glaciers, pronounced these to have been the barriers blocking up the 
glens. This theory was afterward examined and confirmed by Mr. 
Jamieson. " It was their ascription to glacier-action," says Prof. 
Tyndall, " that first gave the parallel roads of Glen Roy an interest 
iu my eyes ; and in 1867, with a view to self-instruction, I made a sol- 
itary pilgrimage to the place, and explored pretty thoroughly the roads 
of the principal glen." At different places he found that the effects of 
the lapping of the water on the more friable portions of the rock are 
still perfectly distinct. Several months ago he again visited the 
place, prior to delivering a lecture upon the subject. The entire 
ground was thoroughly explored, and the principal hills were found 
to be intensely glaciated. The collecting-ground of these glaciers, 
which blocked up the valleys, were the mountains south and west of 
Glen Spean— among others, Ben Nevis. These lofty mountains en- 



Digitized by 



Google 



SCIENCE IN AMERICA. 313 

counter tbe south western Atlantic winds, and deprive them of their 
vapor. Daring the glacial epoch this vapor was precipitated as snow, 
which slid down the slopes, while every valley and recess kept up a 
constant supply of glaciers into Glen Spean, filling it to an ever- 
increasing height. There would of course be ice in Glen Spean, and 
water to the north of it, as the winds in passing north would be partly 
dried and warmed by the liberation of their latent heat. As long 
as the supply was in excess of the consumption, the dams closing the 
glens would increase in height. As the weather grew warmer, the 
opposite would be true. For a long time the conflict would continue, 
retarding indefinitely the disappearance of the barriers, but the ice in 
the end would have to give way. " The dam at the mouth of Glen 
Roy, which probably entered the glen sufficiently far to block up Glen 
Glaster, would gradually retreat. Glen Glaster and its water-shed 
being opened, the subsidence of the lake 80 feet, from the level of the 
highest to that of the second parallel road, would follow as a conse- 
quence." " In presence, then, of the fact that the barriers which stopped 
these glens to a height, it may be, of 1,600 feet above the bottom of 
Glen Spean, have dissolved, and left not a wreck behind ; in presence 
of the fact insisted on by Prof. Geikie, that barriers of detritus would 
undoubtedly have been able to maintain themselves had they ever 
been there ; in presence of the fact that great glaciers once most cer- 
tainly filled these valleys — that the whole region, as proved by Mr. 
Jamieson, is filled with the traces of their action — the theory which 
ascribes the parallel roads to lakes dammed by barriers of ice has, in 
my opinion, an amount of probability on its side which amounts to a 
practical demonstration of its truth." 



SCIENCE IN AMEEICA.* 

Bt PltonssoB JOHN W. DBAP£B, M. D., LL. D. 

GENTLEMEN, Members aud Associates op the Amebicak 
Chemical Societt : In accordance with the plan of the Ameri- 
can Chemical Society, I am called upon to address you this evening. 
I have to congratulate you on its successful establishment, and its 
prospect of permanent success. 

Let us consider some of the reasons which would lead js to expect 
that success, not only for our own, but also for other kindred societies. 
The field of Nature is ever widening before us, the harvest is becom- 
ing more abundant and tempting, the reapers are more numerous. 
Each year the produce that is garnered exceeds that of the preceding. 

* Inangural address before the American Chemical Sodetj, delivered at Ghickering 
Han, New York, November 16, 18Y6. 
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In all directions there is good hope for the future. Perhaps, then, 
you will listen without impatience for a few minutes this evening to 
one of the laborers who has taken part in the toil of the generation 
now finishing its work, who looks back, not without a sentiment of 
pride, on what that generation has done, who points out to you the 
duties and rewards that are awaiting you, and welcomes you to your 
task. Let us look at the prospect before us. 

The progress of science among us very largely depends on two 
elements : Hirst, on our educational establishments ; second, on our 
scientific societies. To each of these I propose to direct your atten- 
tion ; and, first, of pur colleges : 

• Prof. Silliman, in his address delivered on the occasion of the cen- 
tennial of chemistry, at the grave of Priestley, in commemoration of 
the discovery of oxygen, makes this remark : " The year 1845 marks 
the beginning of a new era in the scientific life of America, which is 
still in active progress, and chemistry has had its full share in this 
advance.^ He then enumerates the causes which, in his opinion, had 
brought about this increased activity. Among them are the centeur 
nial celebration of the American Philosophical Society, in Philadel- 
phia, in 1843 ; the reorganization of the United States Coast Survey, 
in 1845 ; the establishment of the Smithsonian Institution at Wash- 
ington, in 1846; the enlargement of the American Journal of Sci- 
ence, in the same year ; the contemponmeous foundation of the Astro- 
nomical Observatory at Cincinnati ; the institution of the Analytical 
Laboratory at Tale College, in 1847 ; and, simultaneously, the Law- 
rence Scientific School at Harvard. To these he adds especially the 
establishment of the American Association for the Advancement of 
Science, in 1848. Coinciding with him fully as to the character and 
power of these and other local causes which he mentions, I cannot but 
regard them as being themselves the issues of influences of a much 
more general kind. 

A revolution had been taking place in Europe — a revolution not 
so much political as industrial or social, though it was followed by 
political consequences of the most important nature. Its commence- 
ments may be seen in the preceding century, in the canal-engineering 
of Brindley; in the improvements of iron-manufacture; in the con- 
struction of all kinds of machinery, which reached its acme when the 
hand of man was deposed from its office, and, through the slide-rest 
and planing-machine, engines were made by themselves. Then came 
the exquisite contrivances for the manufacture of textile fabrics, so 
that a man could do as much work in a day as he had formerly done 
in a year, the movement in that direction culminating in the two 
steam-engines, the condenser and non-condenser. The demand for 
cotton rose; the value of the slave, its cultivator, was enhanced; and 
the negro question became the paramount political question in the 
United States, See how scientific discoveries and inventions lead to 
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political results I Herein, among other great events, we find the 
origin of the American civil war ! 

In Europe, the social effect of the use of steam was strikingly 
marked. Performing mechanical drudgery, it relieved vast numbers 
of the laboring-class, and* gave them time to think. It concentrated 
them in factories and mills. Those industrial hives were pervaded by 
literary influences, perhaps not always of a kind that we should ap- 
prove of. They became the seats of agitation in politics and theology, 
and, while this was the effect on the laboring mass, the owners or capi- 
talists were accumulating enormous fortunes. 

We may excuse the enthusiastic literature of the cotton-manu- 
facture its boasting, for men had accomplished works that were nearly 
godlike. Mr. Baines, writing in 1833, states that " the length of cot- 
ton-yam spun in one year was nearly five thousand millions of miles 
— sufficient to pass round the earth's circumference more than two 
hundred thousand times, sufficient to reach fifty-one times from the 
earth to the sun. It would encircle the earth's orbit eight and a half 
times. The wrought fabrics of cotton exported in one year would 
form a girdle for the globe, passing eleven times round the equator, 
and more than sufficient to form a continuous sheet from the earth to 
the moon." And let us not forget that, to give commercial value to 
this vast result, the capital chemical discovery of bleaching by chlo- 
rine was essential Such was the condition of things in England just 
previously to the epoch in question. Necessarily, it was followed by 
great social results. 

But there was something more. The locomotive absolutely revo- 
lutionized society. A man could now travel farther in an hour than 
he had previously done in a day. Again, it was clear that important 
political results were occurring. The effect of the railroad was to 
render nations more homogeneous, to destroy provincialism. It is 
actually true that language underwent a change. No one who has 
remarked the various dialects of the English counties prior to the 
opening of the Liverpool & Manchester Railway, and the homogene- 
ousness of speech which is fast displacing them, can be blind to this. 
Simultaneously, a redistribution of the population took place. It was 
largely withdrawn from the open country, and concentrated in the 
towns. 

In this statement I am recalling facts so common that they are 
familiar to us all. We all appreciate the immense social changes 
that took place just before 1846. Who in those times could fail to 
perceive that grand consequences must follow the expenditure of 
thousands of' millions of dollars in the building of railroads, who, 
when he saw-the labor of a year shrinking into the compass of a day, 
the travel of a day into the compass of an hour, the thought of man 
outstripping the velocity of light — who could be so obtuse as not to 
discern that a new agency had taken possession of the earth, that it 
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was agitating the nations to their very foundations, that it was ameli- 
orating the lot of man, increasing his power, and dealing remorse- 
lessly with old ideas, the fictions and fallacies of the past I 

Can we wonder, then, that those who were growing up in the 
midst of these marvels should not only contrast the activity by which 
they were surrounded with the stagnation of preceding centuries, but 
should demand to be made acquainted with the power that was thus 
opening a new world before their eyes ? Very soon it became appar- 
ent that there was no provision in the existing educational establish- 
ments, the universities and colleges, for this unexpected state of 
things. These were, to be sure, good enough to initiate a bench of 
boys into the method of translating an ode of Horace or a few 
lines of Sophocles, but something more substantial than that was 
wanted now. 

This was the true cause of that influence which began to be felt in 
America about 1840. Every reflecting person saw that a change in 
public education was imperative ; nay, more was impending. Con- 
fronted by the vigor of modern ideas, the system that had come down 
from the dark ages was seen to have become obsolete. 

In addition to these influences, there was another at which we must 
for a moment glance. Let me, in a few words, sketch its history. 

The peninsula of Italy was separated from the rule of the Greek 
emperors in the eighth century, mainly in consequence of the icono- 
clastic dispute. Partly through the stress of circumstances, and 
partly as a matter of policy, the Latin language was brought into 
such prominence that it was supposed to contain all the useful knowl- 
edge in the World. In Western Europe, at the close of the fourteenth 
century, Greek was totally forgotten. 

But when it became clear that Constantinople would be taken by 
the Turks, many learned men fled to the West, bringing with their 
language precious classical manuscripts. As it was feared, however, 
by the dominant authority that knowledge and opinions of an un- 
suitable kind might thus be introduced, Greek obtained a foothold 
with much difficulty, and it was only by the aid of Florence, Venice, 
and other commercial towns of Upper Italy, that after a struggle it 
made good its ground. The Latin had now a successful rival. 

A century later brings us to the culmination of the Reformation. 
Its literary is^ue was an admiration of the language of that much- 
enduring, that immortal race to whom the Old Testament is so largely 
due. As had been the case with Greek, so now Hebrew passed from 
a condition of neglect to one of extravagant exaltation. It was be- 
lieved to have been the original language of the human race, a con- 
viction that proved to be a great stumblicg-block to the progress of 
learning. There were thus three classical languages, each having its 
own paramount claim. 

In 1784 the Royal Asiatic Society was instituted in Bengal, One 



Digitized by 



Google 



SCIENCE IN AMERICA. 317 

of its earliest and most important seryices was that it brought the 
Sanskrit language emphatically to the knowledge of Europe. The 
similarity of this to Latin and Greek, especially in the grammatical 
forms, struck every one with surprise. At first the old literary party 
resisted its claims, sottie of them even affirming that it never had been 
a spoken tongue, but that it had been fictitiously constructed out of 
Latin and Greek, The creation of comparative grammar by the 
great German scholar Bopp, in 1816, threw a flood of light on the sub- 
ject; and the discovery in 1828, by Hodgson, of the Buddhistic sacred 
writings in Nepaul, revealed to astonished Europe a literature of 
grand antiquity and prodigious extent, in which is contained the reli- 
gious belief of 400,000,000 men — ten times the present population of 
the United States. Greek and Latin had now to descend from the 
imperial thrones on which they had been seated, and take their places 
as later and less perfect forms of this wonderful Oriental tongue. ^ 

In the higher regions of literature all over Europe, these discover- 
ies made a profound impression. It was at once seen by the great 
scholars of the times that the existing educational system, founded, 
as it so largely was, on the languages of the Mediterranean peninsu- 
las, was altogether on an imperfect basis. They saw that philology 
was about to occupy a higher platform, and that, though it might cost 
a struggle with present interests, a change in public education was 
necessary. But though these languages have suffered an eclipse, 
there still remains that priceless heritage which they have trans- 
mitted to us — immortal examples in national life, in patriotism, in 
statesmanship, in jurisprudence, in philosophy, in poetry. Still there 
remain the ruins of the Parthenon, the relics of those statues which 
have no rival elsewhere in the world — embodiments of the beautiful, 
before which, even at the risk of being denounced as a pagan, a man 
might fall down and worship. Still there remains the history of that 
awful empire which once bore sway around the Mediterranean Sea, 
an empire to which we owe our civilization, our religious convictions, 
and even our modes of thought. 

I add this great discovery in letters to the scientific and industrial 
movement I have described as bringing on the epoch of 1840. 

Educational institutions are in their nature very much under the 
influence of the past. They are guided by men of the parting gener- 
ation, and are essentially conservative. The changes they began to 
manifest did not originate within them, but were forced upon them 
from without. They clung to the mediaeval as long as they could, and 
only accepted the modem when they were compelled. 

Among American colleges which are emancipating themselves 
from the mediaeval, we may number Columbia, Cornell, Harvard, 
Princeton, University of Virginia, Yale. Doubtless there are many 
others that would follow the example if they could, but they are fet- 
tered with the gyves of sectarian or local restraint. They march 
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along, daintily and grotesquely, in the pointed shoes of the four- 
teenth century. 

I linger on this subject of colleges because the example of other 
countries, and especially of Germany, proves to us that on them our 
hopes for the development of science must very largely rest. The 
scientific glory of Germany, not inferior in brilliancy to its military 
glory, is the creation of its university professors. Among them we 
find the great chemists and physicists, whose works we study with 
delight. 

Our colleges must separate themselves from the mediaeval, and 
assume thoroughly and sincerely the modem cast. Sincerely, I say, 
for not a few of them indulge in deception. They would have us 
believe that they t^ach physics when they have no modern appara- 
tus : chemistry, when they have no laboratory; botany, without any 
garden, herbarium, or even drawings ; geology, mineralogy, natural 
history, without any cabinets. So ignorant ire some boards of trus- 
tees and faculties, that they hold such equipments as luxuries easily 
dispensed with. I have known some go so far as to affirm that as 
much money ought to be expended in teaching a few boys Latin 
and Greek as in giving a demonstrative and illustrated course of sci- 
ence, and even to act on that principle. In institutions under this 
kind of influence, you will always find that their whole weight is 
thrown toward the aesthetic. Whatever college honors there may be, 
whatever emoluments, pass in that direction ; and, though through fear 
of public opinion science cannot be ignored, it is simply tolerated, not 
cultivated. 

From our colleges we may in the second place turn to our scientific 
societies. 

I have referred to the period at which the Greek language be- 
came cultivated in Western Europe. The first societies were those 
established in Florence by its admirers. In the Medicean gardens the 
lovers of Plato assembled to restore, under an Italian sky, the phi- 
losophy that had been extinguished in Athens, and to commemorate 
by a symposium the birthday of that illustrious man. There is a 
pleasure in associating with those whose thoughts are congenial to 
our own, in breathing an atmosphere in which the intellectual makes 
itself felt. 

Very soon the example was imitated. Persons who had a love for 
science followed the example of those who had a love for letters. 
The Academia Secretorum NaturoB was instituted at Naples in 1660, 
by Baptista Porta, the inventor of the camera which photographers 
now so much use ; the Lyncean Academy for the Promotion of Nat- 
ural Philosophy, in 1603 ; the Royal Society of London, 1645 ; the 
Royal Academy of Sciences in Paris, 1666 ; the Berlin Academy of 
Arts and Sciences, in 1700. Leibnitz, the rival of Newton, was its 
first president. 
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When the Royal Society of London was founded it encountered a 
bitter opposition. Had it not been for the " merry monarch," Charles 
IL, it must have succumbed beneath the fierce maledictions launched 
against it. 

As in Italy, when the opportunity was offered, men of the same 
inclination of thinking sought each other, so here, to the surprise of 
the most enthusiastic chemists, when such an association was pro- 
posed, persons seeking membership came crowding in. The society 
I have the honor of addressing this evening was the result. Already 
it has completely organized itself; already it has published the first 
number of its " Proceedings," a publication which I am sure will pro- 
cure for it approval and respect. 

In these organizations of scientific effort, an opportunity of assist- 
ing is given to those who, not having dedicated themselves to philo- 
sophical pursuits, have yet achieved success in other walks of life, and 
who, recognizing that the progress of civilization very largely de- 
pends on the increase of knowledge, may desire to aid in promoting 
that great result by the application of their means. See what im- 
mense benefits have arisen from the money grants that foreign gov- 
ernments have placed at the disposal of their scientific bodies ; see 
what a stimulus there has been in the award of medals of honor, 
and, if you desire to witness the effect of a well-judged benefaction, 
look at the Smithsonian Institution. I would not say one word in 
disparagement of gifts to colleges and universities, for it is indeed a 
noble purpose ; but endowments for the promotion of a knowledge of 
Nature conferred on scientific societies for the good of all men, no 
matter what their country or color, no matter what their religious 
profession or political condition, are still nobler. The one is a local 
and transitory benefaction, the other an enduring and universal be- 
nevolence. 

In our own special science, chemistry, all that has been done has 
only served to extend the boundary of what remains. The thousands 
of analyses that have been made have brought us into a wilderness 
of results. We have not been able to rise to a point of view suffi- 
ciently high to discover what is the true place of those results in Na- 
ture. We try to represent on the pages of our books and on our 
black-boards formulas of the constitution of things, conscious all the 
time that these are at the best only convenient fictions, which must 
necessarily change as we gain a more perfect insight into that grand- 
est of all problems, the distribution of Force in Space, and the varia- 
tions to which it is liable. The geometry of chemistry is that of three 
dimensions, not of two. We have to consider the relation of points . 
not situated on one plane, and hence it is necessary to employ three 
axes of reference ; nay, even more, we cannot avoid the conception of 
the mathematical method of quaternions. Our inadequate information 
respecting the real grouping of atoms is followed as a necessary con- 
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sequence by imperfection in our methods of nomenclature, the confu- 
sion in this respect becoming, as we all too well know, every day 
worse and worse. 

And now, while we have accomplished only a most imperfect ex- 
amination of objects that we find on the earth, see how, on a sudden, 
through the vista that has been opened by the spectroscope, what a 
prospect lies beyond us in the heavens 1 I often look at the bright- 
yellow ray emitted from the chromosphere of the sun, by that unknown 
element. Helium, as the astronomers have ventured to call it. It 
seems trembling with excitement to tell its story, and how many un- 
seen companions it has. And if this be the case with the sun, what 
shall we say of the magnificent hosts of the stars ? May not every 
one of them have special elements of its own ? Is not each a chemical 
laboratory in itself? Look at the cluster in the sword-handle of Per- 
seus ; in Cassiopeia, a universe of stars on a ground of star-dust ; in 
Hercules — of which, as astronomers say, no one can look at for the first 
time through a great telescope without a shout of wonder — the most 
superb spectacle that the eye of man can witness ! Look at the double 
stars of which so many are now known, emitting their contrasting 
rays, garnet, or ruby, or emerald, or sapphire. Each is in accordance 
with its own special physical conditions, though all are under the 
same universal ordinance. 

Now, here a fact of surpassing importance presses Itself on our 
attention. The movements taking place in those distant bodies are 
taking place under the same laws that prevail here on earth, and in 
our solar system. The law of gravitation, as developed by Newton, 
bears sway in all those distant worlds. In them bodies attract each 
other with forces directly as their masses and inversely as the squares 
of their distances. There the laws of the emission, absorption, and 
transmission of light are the same as they are with us. There ignited 
hydrogen gives forth its three rays, the same rays that it gives forth 
to us. In the uttermost parts of the universe the law of definite com- 
bination, the numerical law, and the multiple law, stand good. So- 
dium absorbs its two waves of definite refrangibility, and iron gives 
in the spectra its more than a hundred lines, more than a hundred 
silent but convincing witnesses of the uniformity of the constitution 
of the universe. There the number of vibrations that constitute a ray 
of definite refrangibility is the same we have found it tb be here. In 
the enormous heat of those central suns the dissociation of molecules 
may be of a higher order than we can reach artificially, but the law 
under which it takes place is a continuation of the law here. There, 
though the weight of a given mass of matter is different from what it is 
with us, it is nevertheless determined by the law that determines here — 
the law of gravitation. There energy is indestructible, and is measured 
as it is measured among us, by work. Then is there any boundary 
that we can assign to natural law — is it not omnipresent, universal ? 
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Perhaps there is no exaggeration in the assertion — for there seems 
abundant proof of its truth — ^that the light by which we see some of 
those distant orbs has crossed through such a prodigious space that 
millions of years have transpired during the journey. Then the phe- 
nomena it brings to us are those that were engendered in the begin- 
ning of the vast time so passed. Whatever there is that is in harmony 
with facts now happening here, is to us an unimpeachable evidence 
that the laws which were governing in those old ages have undergone 
uo depreciation, but are active as ever until now. Then shall I exag- 
gerate if I say that those laws are eternal in duration ? 

Infinite in influence, eternal in duration, what a magnificent spec- 
tacle 1 In the resistless energy of the motions of the universe is there 
not omnipotence ? The Omnipotent, the Infinite, the Eternal, to what 
do these attributes belong ? 

Shall a man who stands forth to vindicate the majesty of such 
laws be blamable in your sight ? Rather shall you not with him be 
overwhelmed with a conception so stupendous ? And yet let us not 
forget that these eternal laws of Nature are only the passing thoughts 
of God. 

But, grand as this is, there is. something still grander. There is 
another temple into which we have to pass, not that of the visible but 
that of the invisible. We must persist in the invasion we have made, 
in the revolution we have brought about in physiology. We have to 
determine the laws which preside in the nervous system of man, and 
discover the nature of the principle that animates it. Is there not 
something profoundly impressive in this, that the human mind can 
look from without upon itself, as one looks at his phantom image in a 
mirror, and discern its own lineaments and admire its own move- 
ments ? My own thoughts have of late years been forcibly drawn to 
this, from a recognition that the interpretation by the mind of im- 
pressions from without takes place under mathematical laws, as, for 
instance, that whei^ external ethereal vibrations create in the mind a 
certain idea, that same idea will arise when the vibrations are doubled, 
or tripled, or quadrupled in frequency ; but other ideas will be engen- 
dered by vibrations of an intermediate rate. Yet what these ideas 
will be may be predicted. It is true that this is only an optical case, 
but it extends the view that has been offered to uS by a study of the 
structure of the ear. In the labyrinthine compartment of that organ 
the ultimate fibres of the auditory nerve are laid on the winding 
plane of the spiral lamina, in ever-decreasing lengths, each capable of 
trembling to the sound which is in unison with it — a mechanical action 
truly, answering to the sympathetic vibration with which the strings 
of a piano will respond to the corresponding notes of a flute — and 
these are translated by the mind into all the utterances of articulate 
speech, all the harmonies of music — speech that engenders new ideas 
within us, strains which, though they may die away in the air, live 
VOL. x.~2l 
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forever in the memory. The exquisite delight we experience in listen- 
ing to the works of our great composers arises thus in mechanical 
movements, which are the issue of mathematical combinations. The 
unseen world is under the influence of number ! 

But what is number except there be one who numbers ? When 
Pompey, in his Syrian war, broke into the holy of holies at Jerusalem, 
he expressed, as Tacitus tells us, his astonishment that there was no 
image of a divinity within ; the shrine was^ silent and empty. And 
so, though after death we may anatomize and explore the inmost re- 
cesses of the brain, the veiled Genius that once presided there has 
eluded us, and has not left so much as a phantom-trace, a shadow of 
himself. 

The experiments of Galvani and Volta have not yet reached their 
conclusion ; those of Faraday and Du Bois-Reymond have only yielded 
a preliminary suggestion as to the nervous force. Excepting the 
great sympathetic nerve, the nervous fibres themselves are, as is well 
known, of two classes — those that gather the impressions of external 
things and convey them to the nerve-centres, and those that transmit 
the dictates of the will from within outwardly. The capabilities of 
one of the former — the apparatus for sight — ^have been greatly im- 
proved by various optical contrivances, such as microscopes and tele- 
scopes, an earnest of what may hereafter be done as respects the four 
other special organs of sense ; and, as concerns the second class, the 
result of mental operations, the resolves of the will, may be transmit- 
ted with greater velocity than even in the living system itself, and 
that across vast terrestrial distances, or even beneath the sea. Tele- 
graphic wires are, strictly speaking, continuations of the centrifugal 
nerves, and we are not without reason for believing that it is the same 
influence which is active in both cases. 

In a scientific point of view, such improvements in the capabilities 
of the organs for receiving external impressions, such extensions to 
the distances to which the results of intellectual acts and the dictates 
of the will may be conveyed, constitute a true development, an evo- 
lution, none the less real though it may be of an artificial kind. If 
we reflect carefully on these things, bearing in mind what is now 
known of the course of development in the animal series, we shall not 
fail to remark what a singular interest gathers round these artificial 
developments — artificial they can scarcely be called, since they them- 
selves have arisen interiorly. They are the result of intellectual acts. 
Man has been developing himself. He, so far as the earth is con- 
cerned, is becoming omnipresent. The electrical nerves of society are 
spread in a plexus all over Europe and America ; their commissural 
strands run under the Atlantic and the Pacific. 

In many of the addresses that have been made during the past 
summer, on the Centennial occasion, the shortcomings of the United 
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States in extending the boundaries of scientific knowledge, especially 
in the physical and chemical departments, have been set forth. " We 
must acknowledge with shame our inferiority to other people," says 
one. " We have done nothing," says another. Well, if all this be 
true, we ought perhaps to look to the condition of our colleges for an 
explanation. But we must not forget that many of these humiliating 
accusations are made by persons who are not of authority in the matter ; 
who, because they are ignorant of what has been jdone, think that 
nothing has been done. They misttke what is merely a blank in their ' 
own information for a blank in reality. In their alacrity to depreciate 
the merit of their own country, a most unpatriotic alacrity, they would 
have us confess that for the last century we have been living on the 
reputation of Franklin and his thunder-rod. 

Perhaps, then, we may without vanity recall some fects that may 
relieve us in a measure from the weight of this heavy accusation. We 
have sent out expeditions of exploration both to the Arctic and Antarc- 
tic seas. We have submitted our own coast to an hydrographic and 
geodesic survey, not excelled in exactness and extent by any similar 
works elsewhere. In the accomplishment of this we have been com- 
pelled to solve many physical problems of the greatest delicacy and 
highest importance, and we have done it successfully. The measuring- 
rods with which the three great base-lines of Maine, Long Island, 
Georgia, were determined, and their beautiful mechanical appliances, 
have exacted the publicly-expressed admiration of some of the greatest 
European philosophers, and the conduct of that survey their unstinted 
applause. We have instituted geological surveys of many of our 
States and much of our Territories^and have been rewarded not merely 
by manifold local benefits, but also by the higher honor of extending 
very greatly the boundaries of that iloble science. At an enormous 
annual cost we have maintained a meteorological signal system, which 
I think is not equaled and certainly is not surpassed in the world. 
Should it be said that selfish interests have been mixed up with some 
of these undertakings, we may demand whether there was any selfish- 
ness in the survey of the Dead Sea? Was there any selfishness in 
that mission which a citizen of New York sent to equatorial Africa 
for the finding and relief of Livingstone, any in the astronomical ex- 
pedition to South America, any in that to the valley of the Amazon ? 
Was there any in the sending out of parties for the observation of the 
total eclipses of the sun ? It was by American astronomers that the 
true character of his corona was first determined. Was there any in 
the seven expeditions that were dispatched for observing the transit 
of Yenus ? Was it not here that the bi-partition of Bela's comet was 
first detected, here that the eighth satellite of Saturn was discovered, 
here that the dusky ring of that planet, which had escaped the pene- 
trating eye of Herschel and all the great European astronomers, was 
first se^n ? Was it not by an American telescope that the companion 
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of Sirius, the brighteet star in the heaveos, was revealed, and the 
mathematical prediction of the cause of his perturbations verified? 
Was it not by a Yale College professor that the showers of shooting- 
stars were first scientifically discussed, on the occasion of the grand 
American display of that meteoric phenomenon in 1833 ? Did we not 
join in the investigations respecting terrestrial magnetism instituted 
by European governments at the suggestion of Humboldt, and con- 
tribute our quota to the results obtained ? Did not the Congress of 
the United States vote a money-^ant to carry into efibct the inven- 
tion of the electric telegraph ? Does not the published fiora of the 
United States show that something has been done in botany ? Have 
not very important investigations been made here on the induction of 
magnetism in iron, the efi^ect of magnetic currents on one another, the 
translation of quantity into intensity, and the converse ? Was it not 
here that the radiations of incandescence were first investigated, the 
connection of increasing temperature with increasing refrangibility 
shown, the distribution of light, heat, and chemical activity in the so- 
lar spectrum ascertained, and some of the fundamental facts in spec- 
trum analysis developed long before general attention was given to 
that subject in Europe ? Here the first photograph of the moon was 
taken, here the first of the diffraction spectrums was produced, here 
the first portraits of the human face were made — an experiment that 
has given rise to an important industrial art 1 

Of our own special science, chemistry, it may truly be affirmed that 
nowhere are its most advanced ideas, its new conceptions, better under- 
stood or more eagerly received. But how useless would it be for me 
to attempt a description in these few moments of what Prof. Silliman, 
in the work to which I have already referred, found that he could not 
include on more than 100 clos^y-printed pages, though he proposed 
merely to give the names of American chemists and the titles of their 
works ! It would be equally useless and indeed an invidious task to 
offer a selection ; but this may be said, that among the more promi- 
nent memoirs there are many not inferior to the foremost that the 
chemical literature of JEurope can present. How unsatisfactory, then, 
is this brief statement I have made of what might be justly claimed 
for American science I Had it been ten times as long, and far more 
forcibly offered, it would still have fallen short of completeness. I 
still should hav# been open to the accusation of not having done jus- 
tice to the subject. 

Have those who gloat over the shortcomings of American science 
ever examined the Coast Survey reports, those of the Naval Observa- 
tory, the Smithsonian contributions, those of the American AssociatioD 
for the Advancement of Science, the proceedings of the American 
Academy of Arts and Science, those of the American Philosophical 
Society, the Lyceum of Natural History, and our leading scientific 
periodicals ? Have they ever looked -at the numerous reports pub- 
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Ushed by the authority of Congress on geographical, geological, engi- 
neering, and other subjects — ^reports often in imposing quartos mag- 
nificently illustrated* 

Not without interest may we explore the origin of the depreciation 
of which we thus complain. In other countries it is commonly the 
case that each claims for itself all that it can, and often more than is 
its due. Each labors to bring its conspicuous men and its public acts 
into the most favorable point of view ; each goes upon the maxim 
*that a man is usually valued at the value he puts upon himself. But 
how is it with us ? Can any impartial person read without pain the 
characters we so often attribute to our most illustrious citizens in po- 
litical and, what is worse, in social life ? Can we complain if strangers 
accept us at our own depreciation, whether of men or things ? 

We need not go far to detect the origin of all this — it is in our 
political condition. Here wealth, power, preferment — preferment even 
to the highest position of the nation — are seemingly within the reach 
of all, and in the internecine struggle that takes place every man is 
occupied in pushing some other man into the background. 

I fear that in political life there is no remedy for this, such is the 
violence of the competition, so great are the prizes at stake. But in 
the less turbulent domain of science and letters we may hope for 
better things. And those who make it their practice to decry the 
contributions of their own country to the stock of knowledge may 
perhaps stand rebuked by the expressions that sometimes fall from 
her generous ritals. How can they read without blushing at their 
own conduct such declarations as that recently uttered by the great 
organ of English opinion, the foremost of English journals ? The 
TimeSy which no one will accuse of partiality in this instance, says: 
*' In the natural distribution of subjects, the history of enterprise, dis- 
covery, and conquest, and the growth of republics, fell to America, 
and she has dealt nobly with them. In the wider and multifarious 
provinces of art and science she runs neck and neck with the mother- 
country, and is never left behind ! " 

There are among us some persons who depreciate science merely 
through illiterate arrogance ; there are some who, incited by super- 
ficiality, dislike it ; there are some who regard it with an evil eye, be- 
cause they think it is undermining the placid tranquillity they find in 
life-long cherished opinions. There are some who hate it because they 
fear it, and many because they find that it is in conflict with their in- 
terests. 

But let us who are the servants of Science, who have dedicated 
ourselves to her, take courage. Day by day the number of those who 
hold her in disfavor is diminishing. We can disregard their misrep- 
resentations and maledictions. Mankind has made the great dis- 
covery that she is the long-hoped-for civilizing agent of the world. 
Let us continue our labor unobtrusively, conscious of the integrity of 
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our motives, conscious of the portentous change which is taking place 
in the thought of the world, conscious of the irresistible power which 
is behind us ! Let us not return railing for railing, but, above all, let 
us deliver unflinchingly to others the truths that Nature has delivered 
to us ! 

The book of Nature ! shall not we chemists, and all our brother- 
students, whether they be naturalists, astronomers, mathematicians, 
geologists, shall we not all humbly and earnestly read it ? Nature, 
the mother of us all, has inscribed her unfading, her eternal record on* 
the canopy of the skies, she has put it all around us on the platform 
of the earth I No man can tamper with it, no man can interpolate or 
falsify it for his own ends. She does not command us what to do, nor 
order us what to think. She only invites us to look around. For 
those who reject her she has in reserve no revenges, no social ostra- 
cism, no index expurgatorius, no autOHJla-fe I To those who in purity of 
spirit worship in her heaven-pavilioned temple, she offers her guidance 
to that cloudy shrine on which Truth sits enthroned, " dark with the 
excess of light ! " Thither are repairing, not driven by tyranny, but 
of their own accord, increasing crowds from all countries of the earth, 
conscious that, whatever their dissensions of opinion may heretofore 
have been, in her presence they will find intellectual concord and 
unity. 



MENTAL OVERWOEK. 

By ROBERT FARQUHABSON, M.B. 

TO hit off the happy medium between over- and under-work is no 
easy task even to those who have .the necessary knowledge, on 
the one hand, and the liberty to arrange their own scheme of occupa- 
tion, on the other. But, for one person who is injured by doing too 
much, I quite believe with Dr. Wilkes that many may be found who 
are sustaining serious damage from not having enough mental stimu- 
lus. The listless vacuity in which so many of the well-to-do classes 
spend their lives, the want of any incentive to exertion, and the ab- 
sence of any attempt at real thought which the wide-spread prevalence 
of ready-made opinions in our periodical literature directly encour- 
ages, must cause more or less degeneration of intellectual power. Un- 
der these conditions the brain gradually loses its healthy tone, and, 
although quite equal to the daily calls of a routine and uneventful ex- 
istence, it is unable to withstand the strain of special sudden emer- 
gency,* and, when a heavy load of work is unexpectedly thrown upon 
it in its unprepared state, then we see all the worst consequences of 
what may be called overwork develop themselves. It is no uncom- 
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mon experience to meet with cases in which damage lias been done to 
the bodily constitution by indulging too recklessly in athletic exer- 
cises and active physical exertion when the muscles have become 
flabby and feeble from disuse. A man accustomed to sedentary pur- 
suits takes suddenly to boating or running, or the horizontal bar, and, 
if he escapes straining his heart, he is certain to make himself stift* 
and uncomfortable. Or he has been told that there is nothing like 
Switzerland for reviving the faded Londoner, so, without the slightest 
attempt at preparation, he devotes himself enthusiastically to climb- 
ing ice-peaks and traversing snow-passes ; and, when hia brief holiday 
is over, he comes back, worn and jaded, and astonished to find that 
the glacial air, which has proved so beneficial to many, has done 
nothing for him. 

Now, the fault here lies in the want of proper preliminary training. 
Even as we do not prescribe quinine as a tonic until we have ascer- 
tained that the digestive functions of our patient are in good working 
order, so it is most improper for any one to attempt active muscular 
exertion without bracing up the previously-unused muscles by care- 
fully-graduated exercise. And in mental operations the same analogy 
holds good. If the brain is not habituated to the constant gymnastic 
influence of steady work, it is liable to give way or suffer more or less 
injury from any sudden and spasmodic effort. If, on the other hand, 
however, its healthy nutrition is insured by the free supply of pure 
blood and the true balance between destruction and repair, we shall 
find ourselves in possession of ^n organ which will bear almost any 
amount of steady strain, so long as certain conditions are fulfilled. 
So long as a brain-worker is able to sleep well, to eat well, and to take 
a fair proportion of out-door exercise, it may safely be said that it is 
not necessary to impose any special limits on the actual number of 
hours which he devotes to his labors. But when what is generally 
known as worry steps in to complicate matters, when cares connected 
with family arrangements, or with those •numerous personal details 
which we can seldom escape, intervene, or when the daily occupation 
of life is in itself a fertile source of anxiety, then we find one or 
other of these three safeguards broken down. Probably the man of 
business or the successful advocate cannot shake himself free from his 
business thoughts at night. Slumber becomes fitful and disturbed. 
The sympathetic system, unsettled by the mental strain, brings about 
various defects in nutrition ; the appetite fails, and the vigor of the 
nervous tissues is no longer able to withstand the endless round ; and 
then we meet with the sleeplessness, the dyspepsia, the irresolution, 
the irritability, and the depression, which are among the chief mis- 
eries of those who we are in the habit of saying are overworked, 

Now, the Lancet has lately laid before its readers some interest- 
ing statements which would lead us to believe that damage is being 
done to many boys in preparatory schools by the strong competition 
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imposed upon them by the entrance-examination to the larger institu- 
tions, and by the ambition of their masters, who hope to derive profit 
and honor from their success. This is indeed a serious consideration, 
and the possibility of a large section of our most promising lads being 
thus mentally stunted in eaiiy life would demand instant interference 
did we deem the charge fully proved. Now, with all deference, I 
would venture to express my opinion, based on some experience, that, 
although we must not neglect so timely a warning of probable rocks 
ahead, there is no specific evidence of present injury. During my 
residence at Rugby I was in medical charge of several preparatory 
schools where the educational standard was very high, and where the 
success was proportionate when the boys came to be drafted off into 
the big school. I may truly say that no case was brought under my 
notice during the space of three years which I could in any way trace 
to overwork. And this I attribute to the perfect manner in which the 
counterbalancing conditions of health were sustained, the good food, 
satisfactory hygienic conditions, ample time for recreation and active 
sports, and frequent holidays. Boys qf that age do not fret or worry 
over their work — they throw it off in their intervals of repose, sleep 
well, eat well, play well, and so do not. suffer. Depend upon it, it 
would be little to the credit of any proprietor of a private educational 
establishment were he to neglect the laws of health, and send his boys 
home enfeebled and worn out from too heavy mental strain. 

As regards the larger public schools the same remarks apply, and 
I met with very few instances at Rugby of any bad consequences from 
overwork; and in the three or four well-marked cases which came 
under my care I was enabled to detect some other equally operative 
cause which predisposed to the seizure. Thus one lad, ambitious of 
distinction both at classics and foot-ball, had undergone violent phys- 
ical exertion while exhausted by study, and the supply of nerve- 
force, not being available for this double strain, gave way, and a sharp, 
feverish attack ushered ^ long-continued mental prostration. A 
second boy, who suffered from a precisely similar attack, had been sit- 
ting up late at night, and felt some anxiety about a future prize ; 
and the third lad, who completes the catalogue, had also consumed the 
midnight oil to an undue extent. But, as a general rule, the typically 
healthy life and surroundings of our great public schools enable their 
inmates to withstand a much greater amount of work than lads 
brought up at home, who are often unduly spurred on, and who have 
not the healthful stimulus of enforced active exercise. Among this 
class I have seen a much greater proportionate extent of temporary 
break-down from the effects of mental exertion too long sustained and 
too little relieved. 

Although the standard of the School Board is not very high, we 
may foresee a possible source of danger in forcing the minds of 
wretchedly feeble, ill-fed, and illrboused children suddenly into edu- 
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cational grooves. I think I have seen an increase of headaches and 
nervous complaints among the children of the poor since compulsory 
attendance has been enforced, and would only wish to record the 
warning against attempts to make bricks too rapidly out of the straw 
which has fallen into our hands to mould for good or evil. 

Coming to the universities, cases of overwork aj;e, I imagine, more 
common there, for not only are the young men at a more sensitive 
period of life, but they naturally feel that to many of them this is 
their great opportunity — the great crisis of their existence — and that 
their success or failure will now effectually make or mar their career. 
Here the element of anxiety comes into play, sleep is disturbed, exer- 
cise neglected, digestion suffers, and the inevitable result follows, of 
total collapse, from which recovery is slow, and perhaps never com- 
plete. Others, again, endeavor in their last year to make up for the 
frivolities of the first two; but when Dr. Morgan takes up for us the 
history of the intellectual life of the universities in the same exhaus- 
tive way in which he has traced the statistics of their leading oars, I 
doubt not that we shall find that the indictment of ovei-work brought 
against them has also been much exaggerated. 

But, although less common than is generally supposed, instances 
of this class of break-down do occur from time to time, and I should 
like to ask those who have devoted special attention to nervous dis- 
eases what is their view of the pathology of such cases as the fol- 
lowing : 

A student, or an artist, or the master of a public school, after a 
very heavy mental strain, suddenly gives way, and is seized with 
sharp illness, comparable in some degree to the old-fashioned brain- 
fever. On his recovery he takes a ^prolonged rest, and his general 
health is perfectly restored; he looks strong and hearty, and has 
even gained flesh, and so at last he thinks himself well enough to re- 
sume his duties. But it is Ibund that, although he can do a little, any- 
thing like his old power of concentrated attention and steady appli- 
cation is gone, and if he tries to do a full day's work, he breaks down 
again in minor degree, and at last is obliged to content himself with 
taking only a very slight share in those occupations in which he used 
specially to excel, and in many cases his powers are never fully re- 
gained. With all the outward appearances of health, he well knows 
the very narrow limits within which he is now compelled to restrict 
his intellectual exercise. What, then, is the precise pathological con- 
dition here ? Various diseases are also known to weaken the mental 
powers for long periods after convalescence is established, and of these 
scarlet and enteric fevers rank among the principal. — Lancet 
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THE MEDICAL PROFESSION IN MODERN THOUGHT.^ 

Br HENRY MAUDSLEY, M. D., 

PBOVE8SOB OF HSDIOAL JUBI8PBUDSK0E IF VNIVEBSITT OOLLEQE. 

GENTLEMEN : It has devolved upon me this year to deliver, in 
accordance with prescribed custom, the introductory lecture to 
the course of systematic instruction upon which you are about to 
* enter. At the outset I am free to confess that I have been not a lit- 
tle perplexed and troubled about what I ought most fitly to say ; like 
many of my predecessors in the ofiice, I have found the choice of 
subject beset with difficulties, and I have small hope that I can say 
anything to redeem the usual barrenness of the occasion. It is just 
twenty-five years since I, sitting where one of you now sits, listened 
to my first introductory lecture from the lips — mute, alas ! now for- 
ever — of one whose pure and gentle nature attracted in no common 
measure the esteem, the respect, and the affection, of all who knew 
him. I mean the late Dr. Parkes. It is an extraordinary, almost an 
unparalleled, thing to say of any man, that no one who heard men- 
tion made of his name ever heard an ill word said of him ; but I be- 
lieve that this was strictly true of Parkes. His life, lovely and of 
good report throughout, was indeed a practical refutation of the say- 
ing, " Woe unto you when all men shall speak well of you." If I 
could sketch in striking outline the features of his character, and set 
forth justly the pure course of his life — showing with what patient 
industry and entire sincerity of insight he worked in scientific in- 
quiries, how upright he was in all his ways, and how kindly consid- 
erate to others : how he lived, and how, his work faithfully done, he 
died — I should probably give you an iijfpiring and most useful in- 
troductory lecture ; for I should present to you a noble example, the 
labor to imitate which would be an excellent scientific and moral 
training. But that has been done with more or less completeness 
by various persons, though not always, perhaps, with the discrimina- 
tion which one would wish.to see shown in the appreciation of such a 
character. It is a very amiable wish to say everything good of a man 
when he is silent forever, and the vocabulary of flattering words is 
apt to be exhausted in the endeavor to gratify this feeling, the effect 
sometimes being that the actual features of the character are blurred, 
and something which is intended to be very perfeofc, but which is 
very unreal, is produced. It seems to me that the distinguishing 
characteristic of Parkes, that by which mainly he was what he was, 
was not so much originality or height of intellect (in this others have 
equaled or surpassed him) as the height of his moral stature — in this 

^ Introductory lecture delivered at University College, London, October 2, 18'?6. 
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perhaps he has hardly ever been surpassed ; and that the grand les- 
son to be learned from the extraordinary esteem and affection which 
he inspired, from the infection of earnestness and sincerity which 
spread from him, and from the elevating influence which he exerted 
npon those who were brought into close converse with him, is a les- 
son which the history of human progress through the ages teaches 
too, and which needs much to be had in remembrance in these days 
of the glorification of science. It is this : that great as is knowledge, 
the moral nature is greater still ; that the impulses of evolution which 
move the world come not from the intellect, but from the heart ; 
that he who would work upon the hearts of others must speak to 
them from the heart ; that everywhere and always we have to recog- 
nize the predominance of the heart over the intellect. 

Perhaps if I could recall vividly the thoughts and feelings of my 
mind when siHing there twenty-five years ago, and compare, or rather 
contrast, tkem with my thoughts and feelings now, I might extract 
from the comparison the essence of a quarter of a century's experi- 
ence of life, and impart to you what it will probably take you a quar- 
ter of a century to acquire. But I am doubtful whether that would 
not be to do you a great disservice, for I could hardly fail thereby 
to take much heart out of your hopes, much ardor out of your enthu- 
siasm, much energy out of your exertions. Moreover, I feel pretty 
sure that what I could say, however wisely it might be said, would 
not be of the least use to you. Neither nations nor individuals profit 
much by the experience of other nations or of other individuals ; 
they must go through their experience for themselves, learning 
through suffering, succeeding through blundering, attaining to the 
calmness of wisdom through the fevers of passion ; and many times 
only when opportunities are gone, and their consequences in irrevo- 
cable operation, is it seen perhaps how much better use might have 
been made of them. No doubt there is wise purpose in this inability 
of the young to take home and assimilate the experience of those 
who are older ; for I know not how they could preserve that enthu- 
siasm and freshness of spirit which make life itself a joy, and beguile 
them to pursue with eagerness its aims, were their illusions destroyed, 
as illusions one after another are destroyed by experience. In the 
full stream of its young energy life is too little conscious for reflec- 
tion ; to live is happiness enough ; in its later stages more and more, 
as the heart is applied to know wisdom, is it felt to be vanity and 
vexation of spirit. This may seem a hard doctrine, but it is true ; it 
has been the experience of the greatest sages of all times ; it is the 
central thought of the great religious systems of the world. 

Let me pass, however, from reflections which, if pursued, might 
tend to dishearten rather than to hearten you, and endeavor to show 
you that, as things go, you have made a good choice of a profession 
for your life's work. I should be thought to have ill discharged the 
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function of introductory lecturer by preaching a gospel of pessimism, 
and inoculating you at the outset of your career with a despair of the 
littleness of life. Whatever the motive which has made you choose 
the medical profession as your life-career — and I suppose this has in 
most cases been the advice or example of others, or perhaps some 
quite accidental influence ; for it is a startling consideration on what 
little circumstances the great issues of life often turn — you will not, 
I think, ever have cause to regret your choice if you look to the higher 
aim of it, and to that which is the proper end of human life. But on 
that condition only. It is not a profession which one who is ambi- 
tious of worldly distinction, or eager to accumulate much riches, 
should choose. You might, with prudence and industry, get vastly 
richer on the Stock Exchange or in commerce in a short time than 
you will probably after the labor of a long life in medical practice ; 
and if you would aspire to gain a peerage or other ornamental thing of 
that kind, you would have done better to have gone into the army, and 
to have set before you as an aim, not the saving but the destruction of 
life J or.to the bar, and have sold the highest exertions of your intel- 
lect to advocate the cause, whether the cause of the oppressor or of 
the oppressed, for which you were retained. Peerages don't come our 
way, and I am heartily glad they do not, for I much fear that there 
would not be the strength of mind to reject them; that a pitiful social 
ambition might tempt us to spoil the simple intrinsic nobility of our 
vocation with the outworn decorations of a childish stage of human 
progress. If medical practice be pursued as a mere means of money- 
getting, assuredly it causes the deepest demoralization of him who so 
uses it, as best things turned to basest ends breed the greatest cor- 
ruption. He who deliberately applies himself to take the utmost ad- 
vantage of the suffering and the feebleness of humanity, coming to 
him for aid in its anguish and its utter helplessness, in order to make 
his profit — and we may hope there are not many creatures of that 
vileness in the profession — may have large success in his low aim, but 
he discovers a meanness and a degradation of nature which are a 
grievous shame to his kind, and which devils might almost disdain. 

But if you look to what is the true end of knowledge and work — 
to relieve the suffering and to minister to the comfort of man's estate, 
to lessen the sum of human sorrow on earth — you have chosen a 
profession which yields the fullest satisfaction to your aim and the 
largest scope to your work. We learn in order to act, the end of all 
knowledge being action ; and the end of all action is to promote the 
welfare and the progress of naankind upon earth. In no profession 
are the opportunities of doing this good work so great and constant 
as in ours ; to the least of us, as to the greatest, occasions of tender 
sympathy and patient help occur every hour in the daily routine of our 
work; and no profession, therefore, rests so little for appreciation 
upon any adventitious circumstance of time or place, or so little needs 
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extraneous titles of honor to give it dignity and respect. Put a doc- 
tor in the midst of the wildest savages, and they will respect the 
" medicine-man," when the lawyer's fluent sophistry and the preacher's 
pathetic eloquence would not gain them consideration, or even save 
them from death. Livingstone passed unharmed and esteemed among 
the savage tribes of Africa under the protection of his medical skill ; 
and Christ himself cultivated the character and functions of a healer 
of disease, not only because in that capacity he went about doing good, 
but probably also, as De Quincey surmised, for the secret reason that he 
thus disarmed the jealousy and suspicion which the ruling authorities 
might otherwise have felt of the crowds which he drew about him. 
When the mighty fabric of the Roman Empire, penetrated by internal 
decay, at last fell to pieces under the successive assaults of the Goths, 
and the Vandals, and the Huns, many thousand persons were, as Gibbon 
tells us, taken captive and distributed through the deserts of Scythia ; 
and it is interesting to note what was the relative value of persons under 
these circumstances. " The skill of an eminent lawyer would excite 
only their contempt or their abhorrence. The vain sophist or grave 
philosopher who had enjoyed the flattering applause of the schools 
was mortified to find that his robust servant was a captive of more 
Talue and importance than himself. But the merit of the physician 
was received with universal favor and respect ; the barbarians who 
despised death might be apprehensive of disease." So long as man 
deems it the most important thing in the world to him that he should 
go on living — and he does that commonly as long as he is alive — so 
long will he hold in favor and esteem him whom he believes able to 
prevent or to mitigate the suffering of disease, and to keep at bay 
" the last enemy," death. It has always been so. " Honor a physi- 
cian with the honor due unto him for the uses which ye may have of 
him ; for the Lord hath created him." 

Having seen how good a thing is the direct work of relieving suf- 
fering by medical art, let me now go on to point out that the training 
through which you go in order to fit yourselves to do this is excel- 
lently well adapted to make the most of your intellect as an instru- 
ment of knowledge. It seems to me that no education which is given 
anywhere, taking it all in all, is better than that through which it is 
necessary to go in order to become a thoroughly accomplished physi- 
cian. You are brought into direct contact with the facts of Nature, 
face to face with them from the beginning of your course ; step by 
step you advance in the practice of observation and reflection, from 
more simple to more complex phenomena, and so you learn to make 
the order of your ideas conform gradually to the order of Nature. 
That is real instruction ; moreover, it is instruction at first hand. In 
intercourse with Nature, sophistry and pretense avail nothing ; sin- 
cerity, and humility, and veracity of mind, are essential ; we must learn 
patiently her laws, and, learning, obey them, or we ourselves, ^ur con- 
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temporaries, or our posterity, will suffer infallibly from their viola- 
tion. There is no possibility of hoodwinking those eternal laws which, 
in our dealings with them, never make a mistake and never overlook 
one, never forego an advantage, never shrink to exact retribution, 
never feel remorse. When a person leaves college with a very respect- 
able knowledge of Greek and Latin authors, and with little or noth- 
ing more than that, it seems preposterous that he should think him- 
self an educated person. If he has learned nothing about the stars 
above his head and the earth beneath his feet ; nothing about the na- 
ture of the air which he breathes, of the water which he drinks, of the 
food which he eats ; cannot tell why water rises in a pump, or how a 
man breathes, and why he dies if he cannot get air to breathe ; knows 
nothing whatever of the laws of the world in which he lives and of 
which he is a part, he is surely a profound ignoramus, notwithstand- 
ing that he may be able to make indifferent Greek or Latin verses. 
I would not for a moment undervalue the priceless benefits of a knowl- 
edge of Greek and Latin authors ; on the contrary, I am sure that a 
study of the works of these great minds of antiquity, full as they are 
of the rich stores of human observation and thought, expressed in the 
most chaste, concise, and finished language, produces a discipline of 
intellect and a refinement of culture which can be got in no other 
way, and the loss of which in youth nothing gained afterward will 
ever entirely compensate for ; but I am sure also that if Plato or Aris- 
totle, or any of those great thinkers of antiquity, were to live again 
now, he would look with amazement and compassion, if not with con- 
tempt, on men who are content that education should consist in study- 
ing only the writings of the past, in utter neglect of the wondei-ful 
works of Nature to which the later ages of mankind have gained access, 
and of the vast stores of knowledge which have been gradually ac- 
cumulated by the patient labors of successive generations of men. 
He would be apt, I think, to say something of this sort : " Gt>od Heav- 
ens ! we lived more than two thousand years ago ; have you in all 
that time gained no new experience of men and things which it would 
be well to make an essential part of the intellectual culture of your 
children? is it education enough for life now to let them learn from 
us what we thought of men and things more than two thousand years 
ago, and to train them in a study of the structure of our dead lan- 
guage ? " To state the matter so, sufficeth to expose its absurdity. 

Now, the training of a medical man, when thorough, is admirable 
in this respect, that it follows the order of Nature, beginning with 
the less complex and rising to the more complex sciences, using the 
lower as a ladder by which to mount up to the higher. Coming to 
his work, as he certainly should do, with a fair knowledge of mathe- 
matics and physics, he proceeds to the study of chemistry, and passes 
on thence to the study of physiology ; so he lays deep and firm the 
scientific groundwork for the study of the disorders of the structure 
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and functions of the body, which is to be his ultimate special work. 
Without the fouudations of the prerequisite studies he will not be a 
thoroughly well-grounded and cultivated physician, who may be re- 
lied upon to perfect his knowledge by experience through life, al- 
though he may no doubt be a fair practitioner in the routine which 
he has been taught, or, if he devotes himself to surgery, skillful as a 
mere operator. A knowledge of the simpler and more general sci- 
ence is an essential prerequisite to the study of the more complex 
and special science. Physics lie beneath chemistry ; in physics and in 
chemistiy we search for those intimate operations of matter which 
lie at the foundation of physiology ; and physiology in its turn is 
essential to the construction of the more complex science which is 
concerned with man in his social relations — that is, sociology. And 
I may observe, by-the-way, that psychology, which is an important 
study for the man who has to put right the disorders of the minds 
and bodies of his kind, demands not only a thorough knowledge of 
physiology, but observation, also, of man in his social relations. 
Each science rests Upon the one below it, but reflecting the increasing 
complexity of Nature as we rise from the movements of masses to 
the movements of molecules of matter, and to the combinations and 
relations of atoms, from dead again to living matter, from the sim- 
plest forms of life to complex organisms, and from organisms to the 
social union of organisms, contains in ascending scale something 
more than the science below it — something which constitutes its au- 
tonomy as a science. Physiology being placed in this scale, as you 
perceive, between chemistry and sociology, is on that account a most 
instructive study at the present time, when chemistry has made great 
progress toward scientific exactitude, and when the cultivation of 
the new field of social science is just being entered upon ; there is no 
science, in fact, which yields such rich promise of large discoveries 
in the immediate future, and no science the discoveries of which, 
when applied to human needs, will do so much to lessen physical suf- 
fering. Fortunate are you, then, in the training which prepares you 
for the study, and in the lot which at this particular era has fixed 
your work in the pursuit, of a science which promises so great an 
abundance of good fruit. 

One warning I would stop a moment here to urge. While recog- 
nizing the subordination of the sciences, we ought not to overlook 
the fact that all the sciences are at bottom artificial divisions; that 
the world is not divided rigorously into those different domains which 
we call physics, chemistry, physiology, and the like ; that we make 
the divisions for our convenience according to the complexity of the 
phenomena, not because we discover them in Nature. Nature is one 
and continuous, and takes not the least notice of the arbitrary divi- 
sions which we find it necessary to make. It would seem a very ob- 
vious distinction between plant and animal; and yet if we push our 
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investigations into that border-territory of Nature where animal and 
vegetable life touch, we meet with so-called monads — the Heteromita^ 
for example — which may be referred with equal justice to either king- 
dom ; there are organisms which we think vegetable, having charac- 
ters which we call animal, and organisms which we call animal, hav- 
ing characters which we think vegetable ; there is, in truth, no line 
of demarkation, but instead an insensible scries of gradations, and no 
man can say where the one kingdom ends and the other begins. In 
like- manner, notwithstanding the seemingly gross and palpable dis- 
tinction between living and dead matter, any one who sets himself to 
work to find out where life begins will be hard put to it to draw a 
line of separation, and more hard put to it when called upon to make 
good his division. Man himself, much as he makes of himself, is not 
separated from the rest of Nature by an impassable gulf; he modifies 
Nature largely, it is true, but the art by which he does that is Nature; 
he is a part of the order thereof — the latest product of the evolution 
which went on for countless ages before he appeared upon earth, 
which is going on now in his progress, his knowUdge and his moral 
feelings being agencies in the process, and which, for anything we 
k^jow, will go on for countless ages after the earth, which he has 
ceased to replenish and subdue, has fallen into the condition in which 
the moon now is, and rolls on its solitary way through space, a cold 
and desert globe, the tomb of all human aspirations, sorrows, sins, 
and achievements. In making use, then, of the arbitrary divisions 
of our sciences, we t)ught never to lose hold of the actual unity and 
continuity of Nature ; never to overlook the fact that there is not a 
single truth in any science which has not its essential relations with 
the truths of all sciences ; never to forget that the least things and 
the greatest are indissolubly bound together as equally essential ele- 
ments of the intimately connected and mysterious whole which we call 
the universe. It may seem a fanciful saying, but there is a truth in it, 
that you cannot utter an exclamation, strike a note on a piano, move 
a grain of sand from its place, without afiecting the entire universe. 

Now the systematic training of the mind in conformity with the 
order of Nature, through patient observation and careful induction, 
the knowledge of Nature which is got by becoming, as Bacon says, 
her servant and interpreter, is a tedious business. Men, therefore, 
have gladly shirked it ; they have found it much easier to attribute 
phenomena to some metaphysical entity which they have created out 
of a mental abstraction, or to invoke a supernatural cause to account 
for them, than to find out the explanation. In consequence of this 
habit of mind, which has had large operation in the past, a body of 
doctrine has grown up which, having had its day, is now fast becoming 
effete, but which men will not willingly part with — doctrine com- 
parable, if I may use a physiological comparison, with those organs 
which, like the thymus gland, have their uses at ^ certain stage of 
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the body's development, but afterward, having no longer any func- 
tion, undergo atrophy. Moreover, men have not .only shirked positive 
inquiry from indolence, but have hated it from hostility. They dread 
the thought of being shown to be one with Nature, and repudiate 
with abhorrence the suggestion that their bodies and minds will ever 
receive scientific explanation ; as if their bodies and minds would be 
degraded to something quite diflTerent from what they are by being 
understood like other natural phenomena and described in terms of 
scientific thought. The supposition strikes them as something like a 
blasphemy against the nobility of their nature. Hence there is a 
deep-rooted instinctive hostility to the science that has to do with 
man, which you will have to take account of in your careers — an hos- 
tility which has found partial expression, I think, in the anti-vivisec- 
tion agitation. There was. more in the fierceness of that agitation 
than a laudable feeling of compassion for the animals — an intensity 
of acridity betraying another origin. There was the energy of fear 
and hatred — ^fear and hatred of the science which threatens the de- ^ 
thronement of man from the pedestal of conceit upon which lie has 
placed himself, and the destruction of some of his traditional beliefs. 
But a little reflection might serve to prove to those who are moved 
by these hostile apprehensions that they are possessed with an unrea- 
soning fear, and are disquieting themselves in vain. Let them look . 
beyond the dark circle of their self-love, and they will see that what 
IS good in old creeds does not perish ; that, although old forms vanish, 
as generations and nations pass away, that in them which gave life to 
them does not pass away, but puts on new forms and survives, as new 
generations and nations follow and carry onward the work of progress. 
Better would it be for them to seek for and foster the good which 
survives than to lament and defend the old which is corrupt. 

Certainly science has not been careful to avoid occasions of ofiense 
in its progress, and of its method and pretensions its votaries have 
sometimes w^tten in a strain which justly provokes scorn. While 
proclaiming, then, the praises of observation and induction, and en- 
forcing the value of a mental training which is obtained by studying 
Nature after that method, let me interpose a few words of qualifica- 
tion, in order that I may not be misunderstood. I cannot help feeling 
that a great deal of questionable doctrine has been propounded con^ 
ceming the so-called method of induction which science is enjoined 
rigidly to pursue, and that Bacon would have been aghast had he seen 
the absurdity which some persons in these days describe as his method, 
and the imbecile procedures of some of those who believe that they 
are following it. They talk, in fact, of the method of observation 
and induction as if it were something to conjure by ; a mechanical 
process of knowledge-getting which rendered superior mental capacity 
unnecessary ; a sort of intellectual ladder by which the most stupid 
beings, if they only planted it properly, might mount up into the 
TOL. X.— 22 /^ I 
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highest places of knowledge. That was not Bacon's notion of it : he 
perceived clearly enojigh that a man does not see with his eye, but 
through it ; that seeing in the sense of observation is impossible unless 
there be behind the eye the intelligence to interpret what is presented 
to it. The simplest act of perception is indeed more than a mere 
matter of sense ; it is an actual induction or inference in which an 
important element is contributed by the mind ; you cannot look at an 
ox or an ass, and know either of them to be what it is, without making 
an induction — can't see, in fact, until you are trained to see. Scientific 
observation and experimentation— and experiment is only observation 
aided by artificial means — may be carried on to the last hour of your 
lives without any result of the least value if you have not a mind 
trained to interpret. Of what use is it to torture Nature by strange 
experiments if you don't understand her language ? You might sacri- 
fice a hundred dogs or cats in cruel experiments, and be not a whit 
wiser at the end of your awful labors. Nature does not vouchsafe an 
answer to a scientific inquiry unless the intelligent question be put, 
and the precise experiment made, as Bacon insisted, ad intentionem 
ejus quod quceritur; * and it is impossible to put the definite question, 
or to make the precise experiment, unless there be a prudently-formed 
hypothesis in the mind — that is to say, an hypothesis based upon pre- 
vious careful training in observation of Nature's processes and sound 
reflection upon them. The mind must be informed by patient and 
sympathetic intercourse with Nature ; it is enabled then to make new 
adjustments by means of the knowledge which it has gained through 
past adjustments — to frame a new and true theory applicable to new 
experiences by reason of being stored with sound theories derived 
from past experiences. We shall do well, then, not to be too much 
intimidated by what is. sometimes said or written in praise of mere 
observation of so-called facts, and in dispraise of theory, or imagine 
that any facts can be truly observed, or any science prosecuted with 
success, unless the well-trained mind cooperates with the senses. As 
I have said elsewhere, "That some declaim so virulently against 
theory is as though the eunuch should declaim against lechery ; it is 
the chastity of impotence." Happy is the observer who, when be sets 
to work, has a good theory in his mind. The mischief is when men 
theorize who have not been trained in habits of accurate observation, 
or, I might go a step further and say, who have not inherited from 
father or grandfather in the foundations of their nature the lines of 
veracity of observation and thought on which to develop ; for when 
one notices how persons of a certain eager temperament go on dis- 
covering facts which are no facts, and, notwithstanding that they are 
brayed in the mortar of an annihilating criticism, are not in the least 
benefited by the discipline, one cannot help feeling that the observer, 
klike the poet, is born, not made. 

' With special reference to the point under investigation. 
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But it is time to return to the direct line of my argument. From 
what has gone before, it should appear at what an excellent place of 
adyiantage the order of studies for the medical profession is adapted 
to place you ; how wisely it is arranged to train the mind for sound 
reflection upon those most complex phenomena of Nature with which 
the medical man has to deal — the phenomena of life in health and in 
disease ; and how sadly wrong in theory and mischievous in practice 
he is likely to be who neglects to lay well the foundations of his men- 
tal training. If no practical result were to follow a medical education, 
if it were not pursued, as it is, for the purposes of the medical art, I 
believe that one who aspired to fit himself best to understand the 
world in which he lives, and the men with whom he has to do, could 
not do better than go through it ; for it would be an excellent founda- 
tion on which to build afterward. The study of man cannot be under- 
taken with any satisfaction, or carried out with any completeness, 
except through a previous study of the nature of which he is the 
present culmination ; it is certainly not possible to enter the cliambei 
of the mind without passing through the antechamber of the body ; 
and we cannot understand the body unless we understand a good deal 
of the processes and laws of Nature which lie beneath biology. So 
far, then, Mr. Lowe appears to be right when he regrets, as he is in 
the habit of doing, that he was taught so much classical knowledge 
and no science when he was educated, and contrasts the disadvantages 
under which he labored with the advantages which each student at a 
middle-class school now enjoys. Newspaper critics think that he is 
making jokes or firing off paradoxes, and would seemingly rather have 
Mr. Lowe as he is than Mr. Lowe as he might or would have been ; 
but I am disposed to think that Mr. Lowe's insight has enabled him 
to see what his critics quite fail to see — that the statesman who has 
to deal with the relations of men to one another in the world would 
be better qualified for his work if he had a good fundamental knowl- 
edge of the laws of man's nature and constitution, and of the laws of 
the world in which he lives. The scientific statesman — when we get 
him — will hardly deem it his highest achievement to shrink scared 
from the grasp of a principle, or his supreme privilege and merit to 
wait patiently to catch the fitful gusts of an ignorant public opinion. 

The application of the principle which I have been enforcing, of 
learning to know man through Nature, the thorough knowledge of his 
environment, and of those of his relations to it which constitute his 
life, must clearly be the foundation of a scientific medicine. Here, as 
elsewhere, prevision for the purposes of action is our aim ; we observe 
and infer in order to foresee, and, foreseeing, to modify and direct ; 
we conquer by obeying, gaining a knowledge of the phenomena ol 
living beings in order to make ourselves masters of them, just as by a 
knowledge of physics and chemistry we gain a mastery over the phe- 
nomena of physical Nature. It is impossible to treat a sick person, 
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except in the most lamely empirical fasMon, without a knowledge of 
the properties of the organism and of its relations to its environment ; 
for our medical function is to remove the disorder of these relations, 
which is disease, and to restore the harmony, which is health. In past 
times it has been too much the practice to treat the body as if it were 
an entirely independent kingdom, without regard to its essential rela- 
tions with surrounding Nature, and to try to drive out the enemy 
which was supposed to have taken possession of it, by pills and po- 
tions, as barbarous nations try to drive him out by charms and cere- 
monies. Now, however, in the recognition of the intimate and con- 
stant relations between the organism and its surroundings, we are 
awaking to juster views of our duties as observers, and of our work 
as curers of disease ; but it is because of the absence yet of anything 
like exact knowledge in this respect that medical practice is defec- 
tive, tentative, empirical, often mere guess-work, and that the most 
experienced physicians, waiting patiently on Nature, aim to do the 
least harm by the drugs which they employ. 

But we are perceiving more clearly, day by day, a larger applica- 
tion of this principle of looking to the relations of man, to what is 
around him as well as to what is within him, in the fulfillment of the 
great purpose of preventing disease. It is in this direction that the 
future course of medicine lies clearly open, and to this end that we 
must work ; it will rise to the true height of its great vocation when 
it watches over communities, and ministers to the welfare and devel- 
opment of the race. I am apt to think that we shall attain to earlier 
and larger success in preventing the diseases of communities than in 
curing the diseases of the individual, as men who had been seeing 
heavy bodies fall to the earth eveiy moment of their lives discovered 
the law of gravitation for the first time when they began to observe 
the grand general motions of the heavenly bodies. Indeed, we have 
already had encouraging success. Look through the yearly death- 
list of this great city two hundred years ago, and you will find a large 
proportion of deaths ascribed to diseases which have now been robbed 
of their sting, if they are not quite extinct. Many persons died then, 
as "that chief of men,'* Cromwell, did, from ague. Where is the 
mortality of ague now ? Ague has disappeared with the disappear- 
ance, through better drainage, of the damp fogs which occasioned it, 
as ghosts and other superstitions have vanished with the disappear- 
ance, before the light of knowledge, of the fogs of ignorance in which 
they were engendered. Bloody-flux or dysentery seldom occurs now 
in England, and is more seldom fatal, but it caused many deaths two 
hundred years ago. The ravages of small-pox were then terrible, 
hosts of victims being carried off by it, and many persons who escaped 
death bearing its marks in blind eyes and hideously-scarred features ; 
but I think we may foresee a time when,Keighley guardians notwith- 
standing, sraall-pox will no more afflict a prudent people* Plague, 
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scurvy, and spotted fever, each of which then claimed regularly its 
yearly tribute of victims, are becoming almost diseases of the past, 
and one needs not a prophet's imagination to foresee a time when 
cholera, scarlatina, fever, phthisis perhaps, and other diseases, will be 
no more ; when preventive medicine shall have reached such a degree 
of perfection that the occurrence of epidemic disease will be felt as a 
gross reproach to the community, and when there will be compara- 
tively little for the practitioner to do in tlie treatment of particular 
disease. It is unfortunate truly, as it is sadly unseasonable, that just 
when we see before us this fairer prospect, and when an encouraging 
beginning of progress has been made under the auspices of Mr. Simon 
and his well-organized staff^ he should have been driven from office 
and his office abolished. But one instance more of the difficulties with 
which progress has to contend from the selfish intrigues and obstruc- 
tive apathy of mankind 1 

You may be disposed perhaps to smile at my outlook as fancifully 
bright, and befitting only the imaginative flights of an introductory 
lecture. From the beginning, it may be said, men have, through 
unrestrained indulgence of their passions, generated disease, and how- 
ever pure their surroundings may be made, they will go on doing the 
same thing : were a clean sweep made of all disease from the face of 
the earth to-morrow, they would breed it afresh before to-morrow's 
morrow. No doubt, as they are constituted and trained at present, 
they would be apt to do so ; but one may hope that the medical 
science of the future — and here I would carry your imaginations a 
little way with me — will have a great deal to say in the way of in- 
struction respecting the highest concerns of man's nature, and the 
conduct of his life ; that it will enter a domain which has hitherto 
been given up exclusively to the moral philosopher and the preacher, 
I don't propose or suppose that we shall ask these gentlemen to step 
down from their platform, saying to them something of this kind : 
"You have been preaching wisdom and goodness of conduct for 
some thousands of years, and you haven't made much of it. Certainly 
one result thus far is striking enough : that men are devoting their 
eagerest energies to making the most destructive guns, and are con- 
ferring their greatest honors and applause on those who use them 
with the most destructive effects. For months, until quite lately, the 
soil of Eastern Europe was deluged with blood, shed amid unspeak- 
able atrocities, in an entirely needless war, which your statesmen, 
presumably the highest products of the culture of your epoch, could 
or would do nothing to check. Stand aside, then, and let us try our 
method." To speak so would be as foolish as it would be arrogant ; 
but we may perhaps, without undue presumption, promise them that, 
if they will learn and use the results of our method, they will have a 
deeper and more stable foundation in the constitution of human nature 
for their teaching than they have now, and will add much to the effi- 
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cacy of it by enforcing motives which will touch more keenly the 
springs of human conduct than those which they present. Now let me 
indicate very briefly, as must needs be, the method by which medical 
science is to advance to take possession of this higher ground. 

Starting with the trite maxim that before we can act we must 
learn, it is obvious that, before we can teach men to act with more 
wisdom than they have done in the past, we must give them a better 
knowledge of their own nature and relations than they have had. 
This we propose to do by the patient and steadfast application of 
the method of observation and induction, which has served us so well 
in the subordinate branches of science, to the highest phenomena of 
man's being — ^his thoughts, feelings, and conduct. The problem is the 
same here, in fact, as in the lower sciences — to observe in order to 
foresee, and to foresee in order to modify and direct ; and the method 
is the same. Admitting, as I see not how we can help doing scien- 
tifically, that a process of evolution has gone on in Nature, and that 
man, as he now is, is a product oL the past carrying on this process 
in his progress to a higher purpose in the future, it is a natural con- 
clusion that he must, as a part of Nature, be studied by the same 
method as the rest of Nature. We have to search back and find out 
how he came to be what he is by looking to the historical evolution 
of the race from its earliest known conditions, and by tracing in the 
development of the organism the operation of laws which we discover 
at work under less complex conditions in the rest of Nature. When 
we do that, we find the best reason to believe that the highest facul- 
ties of his mind, his intellect, and his moral feelings, have not been 
implanted ready-made in his nature at any period of its history, but 
have been the slowly-won results of the accumulated experiences of 
the race transmitted by hereditary action : that is the lesson which 
observation and induction, applied to the investigation of the origin 
and development of man's highei^ nature, teach with an authority 
which cannot be gainsaid from any standpoint of positive knowledge. 
I could have wished, had I had time, to have shown you how some 
phenomena of mental disease, which may be looked upon in this rela- 
tion as instructive experiments of Nature made for us in a domain 
where we cannot make them for ourselves, confirm the induction 
which has been i^eached by observation of human development, both 
in the individual and in the race. But I must leave that unsaid, and 
restrict myself to the conclusion as regards conduct which results 
from the acknowledgment that the latest and best acquisitions of man 
have come to him by a process of ordinary development through the 
ages. For the problem of to-day is truly no longer the schoolmen's 
much-vexed question of the origin of evil, but the question of the 
origin and growth of good. Our plain duty is to find out the laws 
which have been at work in that process, and to continue it — ^to carry 
on, by deliberate method, with conscious purpose, the development 
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which has been going on through past ages irregularly and blindly. 
The time, in fact, has come when mankind should awake to the mo- 
mentous reflection how great is the power which it may exert over its 
own destiny, and to the resolution methodically to use it. In ful- 
filling this paramount duty, upon whom will the function of inquiry 
and instruction immediately rest, but upon .those who make the laws 
of vital development and function their study, and the application of 
the knowledge to further the well-being and development of the or- 
ganism their work ? Clearly, the medical investigator need not lapse 
into despair because he has no new conquests to make. 

You will not be long in practice before you will have many occa- 
sions to take notice how little people ever think of the power which 
they have over their own destiny and over the destiny of those who 
spring from them — how amazingly reckless they show themselves in 
that respect. They have continually before their eyes the fact that 
by care and attention the most important modifications may be pro- 
duced in the constitution and character of* the animals over which 
they have dominion — that by selective breeding an animal may almost 
be transformed in the course of generations ; they perceive the strik- 
ing contrast between the low savage with whom they shrink almost 
from confessing kinship and the best specimens of civilized culture, 
and know well that such as he is now such were their ancestors at one 
time ; they may easily, if they will, discover examples which show 
that by ill living peoples may degenerate UEtil they revert to a de- 
graded state of barbarism, disclosing their former greatness only in 
the magnitude of their moral ruins ; — and yet, seeing these things, 
they never seriously take account of them, and apply to themselves 
the lessons which lie on the surface. They behave in relation to the 
occult laws which govern human evolution very much as primeval 
8avages behaved in relation to the laws of physical Nature of which 
they were entirely ignorant — are content with superstitions where 
they should strive to get understanding, and put up prayers where 
they should exert intelligent will. They act altogether as if the 
responsibility for human progress upon earth belonged entirely to 
higher powers, and not at all to themselves. How much keener sense 
of responsibility and stronger sentiment of duty they would have if 
they only conceived vividly the eternity of action, good or ill; if they 
realized that under the reign of law on earth sin and error are inexo- 
rably avenged, as virtue is vindicated, in its consequences ; if they 
could be brought to fe^l heartily that they are actually determining 
by their conduct in their generation what shall be predetermined in 
the constitution of the generation after them 1 For assuredly the cir- 
cumstances of one generation make much of the fate of the next. 

In the department of medical practice in which my work mainly 
lies I have this amazing recklessness strongly impressed upon me ; for 
it occurs to me, from time to time, to be consulted about the propri- 
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ety of marriage by persoDS who have themselves suffered from insan- 
ity, or whose families are strongly tainted with insanity. Yoa will 
not be surprised to hear, I dare say, that I don't think any one who 
consults me under such circumstances ever takes my advice except 
when it happens to accord with his inclination. The anxious inquirer 
comes to get, if he can, the opinion which he wishes for, and, if he 
does not get that, he goes away sorrowful, and does just what his 
feelings prompt — that is, gets married when he has fallen in love, per- 
suading himself that Nature will somehow make an exception to in- 
exorable law in his favor, or that his love is sufficient justification of 
a union in scorn of consequences. Certainly, 1 have never met with 
so extreme a case as I chanced to light upon in a book a short time 
ago. " I actually know a man,'* says the author, " who is so deeply 
interested in the doctrine of crossing that every hour of his life is 
devoted to the improvement of a race of bantam fowls and curious 
pigeons, and who yet married a mad woman, whom he confines in a * 
garret, and by whom he has insane progeny." But 1 have met with 
many instances which prove how little people are disposed to look 
beyond their immediate gratification in the matter. If it were put to 
two persons passionately in love with one another that they would 
have children, one of whom would certainly die prematurely of con- 
sumption, another become insane, and a third, perhaps, commit sui- 
cide, or end his days in workhouse or jail, I am afraid that in three 
cases out of four they would not practise self-denial and prevent so 
great calamities, but self-gratification, and vaguely trust "the uni- . 
versal plan will all protect ! " 

Those who pay no regard in marriage to the evils which they 
bring upon their children, or in their lives to the sins by which the 
curse of a bad inheritance is visited upon them, may plead in excuse 
or extenuation of themselves the vagueness and uncertainty of medi- 
cal knowledge of the laws of hereditary action. We are unable to 
give them exact and positive information when they apply to us, and 
they naturally shelter themselves under the uncertainty. Were oui 
knowledge exact, as we hope it will some day be, we could foretell 
the result with positive certainty in each case, and so speak with more 
weight of authority. It is one of the first and most pressing tasks 
of medical inquiry to search and find out the laws of heredity, mental 
and bodily, in health and in disease, and, having discovered exactly 
what they are, to apply the knowledge purposely to the improvement 
of the race — that is, to prevent its retrogression and to promote its 
progress through the ages. I see no reason to doubt that by discov- 
ery of these laws and intelligent practical use of our discoveries we 
might in the fullness of time produce, if not a higher species of beings 
than we are, a race of beings, at any rate, as superior to us as we are 
superior to our primeval ancestors ; the imagination of men seems, 
indeed, in the gods which they have created for themselves, to have 
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given form to a forefeeliDg of this higber development. But I will 
not pursue this pregnant matter further now ; I have touched upon it 
only for the purpose of illustrating the large scope of the medical 
work of the future, which is to discover those laws which have been 
in operation through the past to make man the superior being which 
he is, and to determine his future action in intelligent conformity 
with them ; not only to cure disease of body and mind, as it has 
aimed to do in the past, and to prevent disease, as its larger aim now 
is, but to carry on the development of his nature, moral, intellectual, 
and physical, to its highest reach. 

So much, then, concerning the three topics on which I have pro- 
posed to myself to discourse in this lecture — namely, the nobility of 
your direct function as healers of disease, the excellence of the method 
of medical study as a means of intellectual and moral training, and 
its fruitfulness in benefits to "mankind, and the grandeur and the 
reach of its aspirations for the future. Let me hope that I have, in 
fulfillment of my design, said enough to satisfy you that you have 
made a good choice of a profession for your life's work. Having 
chosen, it remains only that you should justify your choice by your 
work, so that it may be said of each of you, when his long day's task 
is over and the night has come, that he was in his right position in 
the world, and made a right good use of it. Life has its three stages 
— youth, manhood, and old age ; let it be your anxious care now, in 
the first stage of joy and hope, so to pass the second stage of work 
and duty that the last stage may not be a long regret. 

I will ask your indulgence only for a few nunutes more, while I 
detain you for one or two final reflections of what I may call an 
inhibitory character. In pursuing resolutely the course of scientific 
inquiry which I have indicated, it must needs be that offenses some- 
times occur, for we can hardly fail to come into collision with some 
of the prejudices and traditions of mankind. I do not know how it 
is possible, for instance, to prosecute the physiological investigation 
of mind to its farthest reach without shaking the foundations of the 
metaphysical notions which have been held concerning it and its 
functions ; and with the fall of these notions, long cherished of man- 
kind, other notions that are bound up with them may totter to their 
fall. But, if this must be, we shall do well to acknowledge it more 
in sorrow than in anger. Let us not rush with eager fury and exult- 
ant clamor to' the work of destruction ; it behooves us, as products of 
the past, who will one day ourselves constitute the past, to deal gen- 
tly and even reverently with it. We cannot break with it if we 
would, nor should we if we could. The very language which we use 
we owe to the slow acquisitions of generations which have preceded 
us ; we cannot compassionate or contemn them except in words for 
which we are indebted to them. There is hardly a word I have used 
in this lecture which, were its history searched out, does not mean 
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generations of human culture to which we are heirs. Seems it not, 
then, a wicked, almost a sacrilegious, thing to hasten with eager glad- 
ness to repudiate the past to which we owe everything, and to exult 
over the ruins of its beliefs ? It is as if a son should rejoice over his 
father's feebleness, uncover his nakedi^ess, and make scorn of his in- 
firmities. As he who has been the best son is in turn the best father, 
so the generation which guards with respect the good which there is 
in the past, and puts gently aside that which is effete, will make the 
most stable progress in its day, and transmit the best inheritance to 
the generatidh which follows it. No doubt in the future, as in the 
past, the knowledge of one period will sometimes appear foolishness 
at a more advanced period of human evolution — the truth of one age 
become the laughing-stock of the next; but we may profitably reflect 
that decaying doctrine had its use in its day, and it may teach us mod- 
esty to consider that much which has its place in our mental organi- 
zation now, and is serving its proper end in the development thereof^ 
will one day probably be put aside as obsolete belief. Let it be 
our prayer that when that day comes, and this generation comes up 
for critical judgment as an historical study before the tribunal of pos- 
terity, it may be justly said of it that it has done as much for the 
progress of mankind as some of the generations upon which the wisest 
of us look back, perhaps, with indulgent compassion, and the unwise 
among us with foolish scorn. 

There is nothing in the attitude of modern society toward science, 
cold and suspicious as it may sometimes be, which necessitates or 
warrants an arrogant, defiant, and aggressive spirit of hostility on its 
side. No great courage is required nowadays to declare a new truth, 
however hostile it may be to received belief, nor is any serious suffer- 
ing entailed by the declaration ; there is no need, therefore, for a sci- 
entific man to put on the airs of a martyr. He is a very little mar- 
tyr who is persecuted only by the pens of unfriendly critics, and 
rather a pitiful object when he sits down by the wayside, and calls 
upon all them that pass by to behold and see how hardly he is used. 
It was very different when Science first made its voice heard ; when, 
under the cruel persecutions of the Inquisition, Galileo unsaid with 
his tongue truths which his heart could not unsay, and that *grand 
figure in the noble army of scientific martyrs, Giordano Bruno, went 
calmly and resolutely to the stake rather than utter one word of re- 
tractation. The saddest contemplation in the world, perhaps, is that 
of the brave who, like him, have died fighting in the battle for the 
cause that seemed to perish with them ; whose lives of suffering and 
sore travail have set, often through cruel tortures, in black clouds of 
gloom which no ray of hope could penetrate. Theirs was not the 
laurel crown of victory after the agony of the struggle ; no popular 
applause, no encouraging shout, greeted their ears as they^ sank down 
exhausted in death ; the shouts which they heard were shouts of exe- 
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cration, and their crown was the martyr's crown of thorns. We have, 
happily, fallen on better days ; the secrets which we win from Na- 
ture we may proclaim without fear, and in the confident assurance 
that, after being proved and tried, they will be accepted ; we are 
fighting a winning fight, and the stars in their courses are with us. 
What cause, then, for arrogant self-assertion, overbearing aggression, 
and willful determination to seek occasions of offense ? The advan- 
tages of our position and strength entail the responsibility of mod- 
eration and forbearance, for the strength is not our own — it is the 
power of the universe working in us to its higher ends. 

One may esteem science duly, then, without feeling sympathy with 
the aggressive delight with which some persons accentuate its hostil- 
ity to expiring doctrines, and exult in the overthrow of articles of 
faith which have sustained and solaced multitudes of men in the dark 
hours of life and in the darker hour of death. It can be no pleasure 
to a generous nature, inevitable though it be, to shatter the faith of 
even the poor Indian, who, driven from his hunting-grounds by the 
inexorable fate of a stronger race, looks upward with feeble faith to a 
Great Spirit, and forward with dim hope to the happy hunting-grounds 
far away where the sun goes down. To aspire to be the first to pro- 
claim the downfall of a position of refuge to which men have clung 
with passionate earnestness for many generations seems to show " a 
pitiful ambition in the fooj who uses it,'' a singular blindness to the 
essential continuity of development, a strange ignorance of what is 
the final end of all science. A scientific discovery is a very good 
thing in its way, but it is only a means to an end, after all — ^the im- 
provement of man's estate — that is to say, his moral and intellectual 
as well as his material state ; and when he who has been happy enough 
to discover a new metal or a new star or a new cell or a new salt 
magnifies himself mightily, and fondly dreams of an immortal fame, 
one cannot help some such feeling of the ludicrous as would be raised 
by tlTe spectacle of a hodman who, having carried his brick to the 
building in course of construction, should call upon all the world to 
take notice of the wonderful work which he had done in architecture. 
Science has yet to realize, at any rate its cultivators seem oftentimes 
to forget, that its end must be constructive ; that after analysis must 
come synthesis ; that all the analytical work in the world will leave 
matters in a chaotic state until the constructive spirit, moving over 
their surface, shall organize the incoherent results, and make them 
serve for a higher social development. The problem is to make 
straight in the future a highway over which mankind may pass to a 
higher life. The philosopher who, with far-reaching eye, overlooks 
the relations of sciences ; the poet who reveals subtilties of human 
feeling, gives lofty utterance to human sympathies with Nature, and 
infuses nobler aspirations into men ; the preacher of human brotherhood 
who, inspired with strong moral feeling, proclaims the lessons of self- 
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renunciatioD and of duty to neighbor — these are brighter stars in the 
firmament of human genius than the scientific discoverer. The dis- 
covery of the law of gravitation is the grandest attainment of scientific 
thought ; but can we justly compare the effects of that generaliza- 
tion upon human interests and happiness with the elevating influence 
which is exerted by the poetry of Isaiah or of Shakespeare upon mul- 
titudes throughout the world ; which is perhaps being felt at this very 
moment by fireside or on sick?-bed in distant lands — ^by the solitary 
dweller on the skirts of the vast forests of Western America, in the 
great lone land of Canada, in the farthest depths of the Australian 
bush ? Science has not rendered the philosopher, the poet, and the 
moral teacher superfluous, nor will it ever supersede them ; on the 
contrary, it will have need of thenpi to attain to its own perfect work- 
ing to the bettering of man's estate ; and it may well seem to some 
that the time has come when its manifold scattered and somewhat 
anarchical results should be penetrated by the synthetic insight of the 
philosopher, be embodied in forms of beauty by the poet's imagina- 
tion, and utilized by the moral teacher to guide and promote the 
progress of mankind. So long as man sees splendor in the starry 
heavens, beauty in the aspects of Nature, grandeur and glory in self- 
sacrifice, so long will he feel that his brief conscious life is but a mo- 
mentary wavelet on the vast ocean of the unconscious ; that there is 
in him the yearning of something deeper than knowledge, which 
" Cometh from afar," and which the labored acquisitions of science 
will ever fail to satisfy. 



ABOUT SHAKKS. 

SHARKS are usually spoken of as the most rapacious and abhorrent 
of sea-animals. That they are rapacious is undeniable, but why 
they are so is not generally considered. We will go a little into the 
matter. The shark, a fish of the family Squcdidce^ when quite in hia 
infant state, and only a few inches in length, exhibits a pugnacity al- 
most without parallel for his age. He will attack fish two or three 
times larger than himself; or, if caught, and placed for observation 
on the deck of a vessel, he resents handling, and, with unerring pre- 
cision, strikes a finger placed on almost any part of his body. 

Two things contribute to the shark's determinate fierceness. In 
the first place, we may refer to his teeth, for of these engines of de- 
struction Nature has been to him particularly bountiful ; and this 
species of bounty he has a peculiar pleasure in exercising. If he 
could speak, he would probably tell us that, besides being troubled 
with his teeth, which he could not help keeping in use, he had been 
gifted with enormous abdominal viscera, and that, more particularly. 
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a third of his hody is occupied by spleen and liver. The bile and 
other digestive juices which are secreted from such an immense appa- 
ratus, and poured continually into the stomach, tend to stimulate 
appetite prodigiously — and what hungry animal with good teeth was 
ever tender-hearted ? In truth, a shark's appetite can never be 
appeased ; for, in addition to this bilious diathesis, he is not a careful 
masticator, but, hastily bolting his food, produces thereby not only 
the morosehess of indigestion, but a whole host of parasites, which 
goad as well as irritate the intestines to that degree that the poor 
squalus is sometimes quite beside himself for the torment, and rushes, 
like a blind,Polyphemus, through the waves in search of anything to 
cram down his maw that may allay such urgent distress. He does 
not seek to be cruel, but is cruelly famished. " It is not I," expostu- 
lates the man in the crowd, " that is pushing ; it is others behind me." 
The poor wretch must satisfy, not only his own ravenous appetite, 
but the constant demand of these internal parasites, either with dead 
or living food ; and therefore it is that, sped as from a catapult, he 
pounces on a quarry, and sometimes gorges himself beyond what he 
is able to contain. 

Having said thus much of the rapacious habits of the Squalidoe, 
we would have it remembered that every man's hand is against them, 
and that no tortures are considered too severe to inflict upon them 
when caught. K they are relentless to man and every living thing 
around them, their insatiable appetite renders them equally destruc- 
tive to their own species, and we of the white population of this 
globe ought to recollect, with some show of gratitude, that they al- 
ways prefer an African to a European ; for, although they are fond of 
men of any color, a negro is to them as the choicest venison. Com- 
merson tells us that one of the atrocious amusements practised on 
board slave-ships was to suspend a dead negro from the bowsprit, in 
order to watch the efforts of the sharks to reach him, and this they 
would sometimes effect at a height of more than twenty feet above 
the level of the sea. Wonderful are the tales that sailors tell of the 
various things that have been found in a shark's stomach, and it was 
thought that any substance that would enter its mouth was at all 
times acceptable. The following, which details a cruel trick, as de- 
scribed in the Glasgow Observer^ dispels this illusion : " Looking 
over the bulwarks of the schooner," writes a correspondent to this 
journal, " I saw one of these watchful monsters winding lazily back- 
ward and forward like a long meteor ; sometimes rising till his nose 
disturbed the surface, and a gushing sound like a deep breath rose 
through the breakers ; at others, resting motionless on the water, as 
if listening to our voices, and thirsting for our blood. As we were 
watching the motions of this monster, Bruce (a little lively negro, 
and my cook) suggested the possibility of destroying it. This was 
briefly to heat a fire-brick in the stove, wrap it up hastily in some old 
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greasy cloths, as a sort of disguise, and then to heave it overboard. 
This was the work of a few minutes ; and the effect was triumphant. 
The monster followed after the hissing prey. We saw it dart at the 
brick like a flash of lightning, and gorge it instanter. The shark rose 
to the surface almost immediately, and his uneasy motions soon 
betrayed the success of the mancBuvre. His agonies became terrible ; 
the waters appeared as if disturbed by a violent squall, and the spray 
was driven over the taflrail where we stood, while the gleanjing body 
of the fish repeatedly burst through the dark waves, as if writhing 
with fierce and terrible convulsions. Sometimes we thought we heard 
a shrill, bellowing cry, as if indicative of anguish and rage, rising 
through the gurgling waters. His fury, however, was soon ex- 
hausted ; in a short time the sounds broke away into distance, and 
the agitation of the sea subsided. The shark had given himself up 
to the tides, as unable to struggle against the approach of death, and 
they were cari-ying his body unresistingly to the beach." 

Crouch, in his " Fishes of the British Islands," would indirectly 
claim some apology for the habits of the shark tribe ; in reference to 
which he asks why the lion and the eagle should occupy the elevated 
places they do in popular estimation, as the king of beasts and mon- 
arch of the air. They live by the exercise of powers similar to those 
of the sharks, and if insatiable appetites are to take precedence, 
sharks ought to stand in the foremost rank. 

The appearance of sharks occasionally upon our coast naturally 
creates a certain panic among bathers ; and we may trace the break- 
age of the nets of our fishermen to their presence, among other 
causes. The six-gilled shark, or gray shark, is sometimes eleven or 
twelve feet in length, and is very destructive among the pilchards on 
the Cornish coast. The white shark is a formidable fellow ; but al- 
though his class occasionally send over to our isles deputations of one 
or two, we have, fortunatel}-, not had to record of late years such a 
visitation as that of 1785, when hundreds appeared in the British 
Channel. This individual is, perhaps, the most formidable of all the 
inhabitants of the ocean. Ruysch says that the whole body of a 
man, and even a man in armor, has been found in the body of a white 
shark. Captain King, in his " Survey of Australia," says he caught one 
which could have swallowed a man with the greatest ease. Blumen- 
bach says a whole horse has been found in it ; and Captain Basil Hall 
reports the taking of one, in which, besides other things, he found 
the whole skin of a buffalo, which a short time before had been 
thrown overboard from his ship. -The blue shark is a horrible nui- 
sance to the fishermen, but, fortunately, it is with us only in summer, 
when it makes itself known by hunting after the fish entangled in the 
nets, which it does by seizing both fish and net with its keen and ser^ 
rated teeth, and swallowing fish and mesh together. As it is not 
always pleasant to have sharks following a ship, it cannot be too well 
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known that a bucket or two of bilge-water has been known to drive 
them o£ 

The shark tribe are remarkably retentive of life, and instances are 
related which would be almost beyond belief, if not vouched for by 
numbers of witnesses. For instance, an individual was caught with a 
line ; its liver was cut out, and the bowels left hanging from the body, 
in which state the sailors, as an object of abhorrence, threw it into the 
sea. But it continued near the boat ; and not long afterward it pur- 
sued and attempted to devour a mackerel that had escaped from the 
net. In another instance, a shark was thrown overboard after the 
head had been severed from the body ; after which, for a couple of 
hours, the body continued to use the efforts of swimming in various 
directions — to employ the conjecture of a boy among the crew — as it 
it were looking for its head. Next, we have the thrasher, which has 
obtained the name of fox-shark, because of the shape of its tail. The 
title of thrasher, however, is most appropriate, from its habit of lash- 
ing the sea with its tail, by which it has been known to put to flight a 
herd of sportive dolphins, and even to fill the whale with terror. The 
porbeagle is another of the shark tribe, and is a common visitor on 
the western coasts in summer. Then follows that too plentiful and 
rapacious fish, the toper, known likewise as the white-hound, penny- 
dog, or miller-dog. However, as it swims deep, it does not do so 
much injury to the fishermen's nets as some of its congeners. Then 
we have the smooth-hound, or ray-mouthed dog, or skate-toothed 
shark, which are presumed to come from considerable distances, from 
the kind of hooks sometimes found in them, which resemble those used 
on the coast of Spain. They feed upon crustaceous animals, but will 
take a bait. The picked-dog, spur-dog, or bone-dog, but commonly 
known as the dog-fish, is the smallest, but unquestionably the most 
numerous of the shark tribe. It frequents our coasts all the year 
round, and even in the severest weather. Then there are the spinous 
shark, and Greenland shark, which will not be driven away from feed- 
ing u;pon the blubber of a stranded, half-immersed whale, although 
pierced with spears, but come again to the oleaginous banquet while 
a spark of life exists. The basking-shark also, occasionally, casts up 
on our coasts. It is of a large size, is capable of breaking a six-inch 
hawser, and is only taken with considerable difficulty. Then we have 
the rashleigh shark, the broad-headed gazer, and the hammer-head or 
balance-fish, which may be said to complete the list of these occasional 
unwelcome visitors to our shores. 

And now that we have said so much that is prejudicial to the 
SqualidcB or shark community, let us see what we have as a set-off in 
their favor. As . a food for man, the toper is found exposed for sale 
in the markets at Rome ; and in Paris, that city of gastronomy, the 
small kinds of shark, when divested of their tantalizing titles, are to 
be detected as entries in the menu of many of the most distinguished 
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families. For some years, the dog-fish has afforded lucrative employ- 
ment during the whole of the summer to the fishermen from the Naze 
to the Cape. It is, however, mostly smoked, and in this way is con- 
sidered rather a delicacy. It is also dried and split as stock-fish for 
consumption in the country, as well as for export to Sweden, where it 
is greatly appreciated. It is likewise elsewhere a common article of 
food, amid the choice of a variety of other fish, especially in the west 
of England, and, indeed, is valued by some who are far above the 
necessity of classing it with their ordinary articles of subsistence. It 
is used both fresh and salted, but, when eaten fresh, it is skinned before 
being cooked. Lacipede, who speaks slightingly of its fiesh, informs 
us that, in the north of Europe, the eggs, which are about the size of 
a small orange, and consist solely t)f a pale-colored yolk, are in high 
esteem. If prejudice could be got over, there is no doubt they would 
form an agreeable as well as a nourishing article of food, as a substitute 
for other eggs in our domestic economy. 

The shark-fishery is carried on in many parts of the Indian Ocean, 
and on the eastern coast of Africa, and recently it has been pursued 
on the coast of Norway. About Kurrachee, in India, as many as 
40,000 sharks are taken in the year. The back-fins are much es- 
teemed as a food delicacy in China, from 7,000 to 10,000 of these being 
shipped to that empire annually from Bombay. In Norway and Ice- 
land the inhabitants make indiscriminate use of every species capt- 
ured, hanging up the carcasses for a whole year, like hams, that the 
flesh may become mellow. The liver, however, appears to be strictly 
prohibited everywhere, as a dangerous article of food. 

Mr. N. Brabazon, in his " Fisheries of Ireland," in allusion to the 
large shoals of sharks which pass annually along the west coast, on 
their way from the southern to the northern seas, speaks particularly 
of the basking shark : " These fish are worth from £35 to £50 each ; 
and when so many as five hundred have been killed in one season, this 
class of fishing should be well attended to for the short season it lasts, 
if the weather is favorable to it, especially as it is at a time when other 
fish are out of season. The fishermen have a superstition that the fish 
will leave the coast if the bodies of those caught were brought to the 
shore." Mr. P. L. Simmons, in his " Waste Products and Undevel- 
oped Substances," gives almost incredible statistics of the vast amount 
of fish-refuse which is either left to rot on the coasts and putrefy the 
air, or thrown back into the sea unutilized, both on our own and on 
foreign shores ; and he significantly points to its value as a manure 
not far inferior to guano, of which this country alone requires 200,000' 
tons a year, and pays upward of £22,000,000. Would it not, there- 
fore, be wise for enterprise and capital to begin to turn more at- 
tention to the manufacture of fish-guano, of which the dkhria of the 
North American fisheries, and those of the North Sea, would furnish 
ample material ? — Chambera^-a Journal. 
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ABORIGINAL SETTLEMENTS OF THE PACIFIC COAST. 

Bt PAUL SCHUMACHER. 

IF we investigate the condition of the ground upon which we now 
find the ruined settlements of a former people on this coast, it can- 
not fail to convince us either that all such stations had been established 
on sandy ground, or that the ground had been ai-tificially changed by 
sand carried thither when it was rocky or hard. Sandy soil was a 
necessity, that they might employ their rude and imperfect tools in 
the erection of houses partially dug in the ground and surrounded by 
embankments. It was also a requirement for cleanliness and health, 
owing to its absorption of moisture in the rainy season. Overgrown 
or firm sandy ground was preferable to bare, loose sand ; but even the 
drifting dunes offered them a better choice than the dark humus in- 
termixed with rock. Other requirements of a well-located rancheiia 
were: proximity of potable water, a commanding view, the outlying 




Pia. 1. 



rocks bearing eatable moUusks, fish in the adjoining kelpy waters, 
and game in the neighboring country. Water in small rivulets and 
springs was preferable to larger streams and rivers, unless these were- 
stocked with fish. A commanding view was subordinate to the con« 
dition of the soil and the proximity of water, especially on the islands 
in Santa Barbara Channel, where no surprising enemy was to be 
guarded against ; there a small boat-landing was one of the main con- 
siderations, because the islander's sustenance was mainly derived from 
VOL. X.— 23 ^ J 
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fishing, hunting on the water, and barter with the dwellers on the 
mainland. To gather shell-fish the aborigines often went long dis- 
tances, which called into existence temporary camps wherein we 
hardly find anything but layers of shells and some burned beach- 
rocks, indicating former fireplaces, scattered in small clusters over 
their surface. The moUusks, after their shells had been removed, 
were dried in such temporary camps for easier transportation to dis- 
tant villages. 

But let us examine one of the sites of such aboriginal villages, 
commonly termed " shell-heaps " or " shell-mounds,*' bleached shells 
being by far the larger and more conspicuous part of their remains. 
I will select one of the many stations which I have investigated for 
the Smithsonian Institution during recent years. Its location is near 
a narrow inlet, called Tinker's Cove, on the island of Santa Cruz, one 
of the group in the Santa Barbara Channel {see Fig. 1). It possesses 
all the requirements of an aboriginal settlement, only the game-ground 
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is wanting, as no animals save a small gray fox, and several species 
of land-birds, exist on the islands. The ground upon which the station 
is located is of a rocky, irregular structure, mostly bare and destitute 
of vegetation ; a cove, aifording an excellent boat-landing, adjoins to 
the westward of it ; outlying rocks, of which but few appear in the 
sketch, are covered with edible shell-fish ; a mass of kelp and sear 
weed grows in the adjoining waters, and is thickly stocked with fish ; 
a spring of potable water is found in the deepest part of the cove. 
Sand is found only at a distance of between four and five hundred 
yards to the eastward, in a small hidden beach of the narrow fiord 
of Tinker's Cove, which is of very difficult access by land, as the sides 
of the inlet form walls of over one hundred feet in height, and in 
larger quantities farther away to the westward of the station. It is, 
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therefore, evident that the layer of sand covering its rocky ground is 
artificial, and placed there by the aborigines, not a natural deposit 
accumulated by drifts, etc. The mound begins at the brink of the 
bluff, some thirty feet above high-water mark, tad extends back over 
a flat of a little inore than one hundred yards, toward the ascending 
hill, diminishing gradually in height, and ceasing entirely before the 
rocky outcroppings are reached, whence the ground rises rapidly into 
a ridge, forming a spur of the backbone of the island {see Fig. 2). In- 
vestigation revealed the artificial formation to consist of a layer of 
shells, most of which are still found among the living species on the 
island, bones of fish, sea-fowl, seal, and sea-lions, and whales, dogs and 
foxes, and a great mass of cobble-stones of all sizes, especially of the 
«ize of a fist as used for fireplaces, and chippings of different varieties 
of chert, chalcedony, jasper, quartz, etc. — rocks suitable for the manu- 
facture of knives, arrow-heads, spear-points, and other cutting tools, 
which do not occur in situ on the island and had to be imported. The 
whole is mixed with a large quantity of sand, reaching to a depth of 
about five feet at its deepest part, where formerly the dwellings stood. 
Underneath the layer of animal remains, the kjokken mOddings — kitch- 
en-middens or cooking dibris — of a former people, pure sand is met 
in which we find but few valves of an edible shell-fish, or beach-rocks 
showing marks of fire, or such marks as are made by human hands, and 
were probably introduced while the dwelling-mound was raised pre- 
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palpatory to the erection of the hut. The sand — which was either car- 
ried there overland, or in canoes from some neighboring sand-bank — 
attains a depth of about three to four feet, and is deepest around the 
circular depressions of the house-sites, indicating the embankments 
which had been raised around the huts. The section, Fig. 3, repre- 
sents a site of a former dwelling as now found, and its original depth, 
as indicated by broken lines, may occasionally be traced by still re- 
maining upright boards of the former subterranean inclosure. After 
the erection of the dwellings, the accumulation of the kjOkken mOd- 
dings began to spread all over the town-site, but was kept imbedded 
in sand by fresh supplies, thus raising the level of the village gradu- 
ally, and increasing the depth of the subterranean part of the hut 
until the latter was deserted, or built over with a new structure. 
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Near the housas, where in all probability the cooking d&bris had 
first been deposited, it is now and then found in heaps almost desti- 
tute of sand ; but, no doubt, after a large quantity had thus been ac- 
cumulated, it was spread over the ground of the town, evened, and 
smoothed by layers of sand. The proportion of sand mixed with the 
cooking debris is about one-half the weight of the whole mass. The 
size of a town-site varies from about 100 metres in length and width, 
like the one illustrated in the figure, to 1,200 metres, or three-quarters 
of a mile, in length, and from 100 to 300 metres in width, the extent 
of Os-bi^ a rancheria in Santa Barbara County, about five miles south 
of Point Sal, which is the largest shell-mound derived from permanent 
habitation thus far explored on this coast. 

The same features of an aboriginal settlement we observe in Ore- 
gon, 1,000 miles to the north. If we take, for instance, the ruined 
settlement of the GhetUe-ahiny situated on the commanding elevation of 
the north bank, and near the mouth of Pistol River : in front the 
wide ocean expands, with a number of large outlying rocks; Pistol 
River washes the base of the bluff upon which the station is situated ; 
its waters are stocked with trout, and, in certain seasons, abundantly 
with salmon ; to the left, or eastward, a mountain-brook empties into 
the river at the foot of the rancheria^ and a spring issues between the 
upper and lower town-sites ; back of the coast the country extends in 
a gradual rise toward a steep and heavily-timbered ridge, beyond 
which it becomes almost impenetrable, owing to thick forests and 
their undergrowth, and vines, the safe home of elk and bear. The 
rocky ground upon which the town was located is covered with a 
deposit of sand, of which the neighboring beach offers an abundance, 
and kjijkken mjddings of great age in its lower layers, with that 
peculiar mouldy, ash-like appearance, sprinkled with particles of de- 
cayed shells, so characteristic of an aboriginal settlement. 

It is evident that such a ground, needing artificial foundation for 
the establishment of a town, was not suitable either for a burying- 
ground site; we must, therefore, look for the graves of these people 
within the artificial mounds. There is an exception to this when the 
ground is naturally sandy, or soft ; then we must look for the graves 
within an easy distance, say about 150 metres, in some prominent 
place and in sight of the rancheria. The graves consist of a pit vary- 
ing between two and fifteen metres square, and not over two metres 
in depth, partitioned into smaller spaces by whales' bones and slabs 
of stone, or by wood. On the islands the gigantic bones of the whale 
are almost exclusively used; while, on the neighboring mainland, 
limestone, which splits board-like into slabs, and also whales' bones, 
and pine and red-wood, are used. Graves of this description have 
been found in California south of San Francisco, while in Oregon the 
mode of burial is different, the interment being either made in de- 
tached graves, or ip houses previously demolished by fire. 
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SKETCH OF SIR WILLIAM THOMSON. 

THIS distinguished physicist and mathematician was born in Bel- 
fast, in June, 1824. His father, Dr. James Thomson, was a 
man of large capacity and culture, who studied in the Glasgow Uni- 
versity, became head-master of the Belfast Academical Institution, 
and in 1832 was appointed Professor of Mathematics in the University 
of Glasgow. He made various improvements in mathematics, and 
wrote books upon education. William passed through the Glasgow 
University early, and then entered St. Peter's College, Cambridge, 
from which he graduated as second wrangler in 1845, and he was im- 
mediately elected Fellow of his college. He afterward went to Paris, 
and worked in the laboratory of Regnault. In 1846, at the early age 
of twenty-two, he was appointed Professor of Natural Philosophy in 
the University of Glasgow, a position which he has filled with dis- 
tinction, and still occupies. 

Sir William Thomson's earliest contributions to physical science 
were on the subject of heat, the laws of its motions being treated 
mathematically. A remarkable paper on " The Uniform Motion of 
Heat in Homogeneous Solid Bodies," written at the age of seventeen, 
was full of original conceptions, but it was afterward found that Thom- 
son had been anticipated in his ideas by Gauss, Chasles, and George 
Green, of Nottingham. In 1842 he published an important paper on 
" The Linear Motion of Heat," which contained a method of deriving 
geological dates from underground temperatures, a subject which he 
treated in his inaugural address, in entering upon his professorship 
at the university. 

It will be impossible here to give any account of the numerous 
contributions to science made by Sir William Thomson, as they were 
generally of so mathematical a cast as to be unintelligible to ordinary 
readers. His papers on " Electro-Statics " and on " Magnetism " were 
collected and published in 1872, in a valuable volume of six hundred 
pages. The more interesting aspects of his work have been well de- 
scribed by a writer in Nature^ and we cannot do better than to quote 
8ome passages from his notice : 

"His electrostatic researches led Thomson to the invention of very beautiful 
instruments for electrostatic measurement. The subject of electrostatic meas- 
urement occupied much of his attention from the very earliest, when he was 
obliged to call attention to the defects of the electrometers of Snow Harris. 
His labors in this direction have produced the quadrant electrometer, which is 
employed for all kinds of electric testing in telegraph construction, and for the 
registration of atmospheric electricity at Kew Observatory ; the portable elec- 
trometer, for atmospheric electricity and for other purposes, in which the 
extreme sensitiveness of the quadrant-electrometer is not required ; and the dbso- 
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lute electrometer, wbiob serves for reducing the scale-readings of other instm- 
ments to absolute measure, and which was used by Thomson in his measurement 
of the electrostatic force producible by a Daniell's battery and in many other 
investigations. Those who have seen the collection of electrometers in the Loan 
"Collection at South Kensington will not think it too much to say that to Sir W. 
Thomson is due our present system of practical electrometry. 

^^ But while thus engaged in investigations in electrostatics and magnetism, 
there were many other branches of science that were receiving from him 
advancement in a not less remarkable way. There is no part of his work of 
higher importance than his investigations on the Dynamical Theory of Heat. 
These were communicated in a series of papers to the Koyal Society of Edin- 
burgh, the first of which was given in 1849. It was a critical account of Car- 
net's memoir of 1824, * R6flexions sur la Puissance Motrice du Feu.' Though 
Rumford and Davy nad, in the beginning of this century, expenmentally dis- 
proved the material theory of heat, their experiments and arguments were un- 
heeded and nearly unknown ; and it was only after 1848, when Joule actually 
determined the dynamical equivalent of heat, that the great truth that heat is a 
mode of motion was admitted and appreciated. Thus Camot, although dissatis- 
fied with it, was obliged to adopt the material theory of heat in 1824 ; and, re- 
garding heat as indestructible, spoke of the letting down of the heat from a 
higher to a lower temperature, and looked on the production of work by the 
heat-engine as a phenoihenon analogous to that in winch water, descending from 
a higher to a lower level, does work by means of a water-wheeL Thomson, 
among the first to appreciate the importance of Joule's results, set himself to 
alter the theory given by Camot into agreement with the true theory \ and in 
the series of papers referred to, placed the whole science of thermodynamics- 
on a thoroughly scientific basis. In 184ft he first suggested the reckoning of 
temperature on an absolute thermodynamic scale independent of the properties 
of any particular substance. Subsequently, in consequence of experimental in- 
vestigations of the thermodynamic properties of air, and other gases, inade in 
conjunction with Joule, he showed how to define a thermodynamic scale of tem- 
perature having the convenient i»*op^y that air-tbermometers and other gas- 
thwmometers agree with it as closely as they agree with one another. This 
system of reckoning temperature gives great facility for the shnple expression 
of thermodynamic principles and results. 

^'Having here mentioned Joule and Thomson together, we cannot omit to 
remark that some of the most admirable researches in thermodynamics were 
those undertaken in coiy unction by these two attached friends. 

"Among the many important results of Sir W. Thomson's investigations in 
thermodynamics, one of the most remarkable was his discovery of the principle 
of dissipation of energy, announced by him in 1852. During any transforma- 
tion of energy of one form into energy of another form there is always a certain 
amount of energy rendered unavailable for further useful application. B'o known 
process in Nature is exactly reversible, that is to say, there is no known process 
by which we can convert a given amount of energy of one form into energy of 
another form, and then, reversing the process, reconvert the energy of the sec- 
ond form thus obtained into the original quantity^cfl energy of the first form. 
In fact, during; any transformation of energy from one form into another, there 
is always a certain portion of the energy changed into heat in the process of 
conversion ; and the heat thus produced becomes dissipated and diffused by ra- 
diation and condocfcion*. 
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" Consequently, there is a tendency in Nature for all the energy in the uni- 
verse, of whatever kind it be, graduaUy to assume the form of heat, and, having 
done so, to become equally diffused. Now, were all the energy of the universe 
converted into uniformly-diffused heat, it would cease to be available for pro- 
ducing mechanical effect, since for that purpose we must have a hot source and 
a cooler condenser. This gradual degradation of energy is perpetually going on ; 
and sooner or later, unless there be some restorative power, of which we at 
present have no knowledge whatever, the present state of things must come to 
an end. 

^'In 1854 Faraday, with an experimental cable, investigated the cause of the 
retardation of aignaU first observed in the working of the cable between Har- 
wich and the Hague. Thomson, taking up the question, published an investiga- 
tion of the nature of the phenomenon, one practical result of which was that 
with cables similar in lateral dimensions the retardations are proportional to 
the squares of the lengths. This law is now commonly referred to as the * law of 
squares.' About this time it was proposed to construct a cable to connect Eng- 
land with America; and it became obvious that the discovery of the retardation 
of signals raised a question whether the transatlantic cable would not prove a 
commercial failure. Whitehouse, experimenting with 1,125 miles of cable, 
found the transmission of an instantaneous signal to the farther end of the 
cable to occupy one second and a half. The length of a cable required to con- 
nect Ireland with Newfoundland is twice that of the experimental cable of 
Whitehouse ; and thus, according to the law of squares, the time taken to trans- 
mit an instantaneous signal through a cable similar in lateral dimensions to 
that of Whitehouse, and joining those two places, would be no less than six sec- 
onds. In 1856 Whitehouse read a paper before the British Association, in which 
he described experiments by which he hoped to disprove the law of squares. 
Thomson replied in the AtTiencsum (November 1, 1856) ; and subsequent experi- 
ments have established the correctness of his law. 

*' Fortunately a true understanding of the nature of the phenomenon of re- 
tardation led Prof. Thomson to the method of overcoming the diflBculties pre- 
sented. The disturbance produced at the extremity of a long submarine cable 
by the application for an instant of electromotive force at the other end is not, 
as in the case of a signal through an overhead land-line, a pulse, practically in- 
finitely short, and received only a minute fraction of a second after it was com- 
municated. Instead of this, a long wave is observed at the farther extremity, 
gradually swelling in intensity, and as gradually dying away. Its duration for 
such a cable as we have been speaking of would be the whole six seconds, cal- 
culated from the experiments of Whitehouse. Prof. Thomson perceived that an ' 
instrument was required which should give an indication of a signal received 
long before the wave has acquired its maximum intensity, and in which the sub- 
sequent rising to maximum intensity should not render unreadable a fresh signal 
sent quickly after the previous one. This was effected by his * mirror galva- 
nometer ; ' and it was by means of it that the messages transmitted through the 
1858 Atlantic cable were read. 

" The 1858 cable, submerged under diflBculties that many times threatened to 
be insurmountable, soon failed. Several important messages were, however, 
transmitted through it ; and it served to prove the feasibility of the project 
which many eminent engineers up till that time regarded as chimerical. Before 
another attempt was rbade the labors of Prof. Thomson and others, to all of 
whom the world owes a deep debt of gratitude, had so improved the construo- 
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tion of the cables and the mechanical arrangements for submersion, that though 
many difficulties presented themselves they were all, in 1866, triumphantly 
overcome. It was on his return from the submersion of the 1866 cable, 
and the raising and the completion of the 1865 cable, that the honor of knight- 
hood was conferred on him along with others of his distinguished fellow- 
workers. 

*' Recently Sir William Thomson has invented a new and very beautiful 
instrument, the ^siphon recorder,' for recording signals on long submarine 
lines. It is in use at all the telegraph-stations along the submarine line con- 
necting England with India. It is also used on the French Atlantic Gable, 
and on the direct United States line. Sir "W. Thomson, Mr. Varley, and 
Prof. Jenkin, combining their inventions together, have given the only system 
by which submarine telegraphy on long lines has been carried on up to the 
present time. 

" Sir William Thomson is an enthusiastic yachtsman and a skillful navigator. 
His recently-published popular lecture on * Navigation ' proves this ; and, with 
that bright genius which enriches all with which it comes in contact, his im- 
provements in navigation are of very high importance. The general adoption 
of Sumner's method, now made simple for the navigator, would be a reform 
in navigation almost amounting to a revolution, and is one most highly to be 
desired. Sir William Thomson has also invented a new form of mariner's com- 
pass of exquisite construction. It possesses many advantages over the best of 
those in general use, not excluding the Standard Admiralty Compass ; but its 
special feature is that it permits of the practical application of Sir George Airy's 
method of correcting compasses for the permanent and temporary magnetism 
of iron ships. He has also invented an apparatus for deep-sea sounding by 
piano-forte wire. This apparatus is so simple and easily managed that he has 
brought up * bottom ' from a depth of nearly three nautical miles, sounding from 
his own yacht, without aid of steam or any of the ordinary requisites for such 
depths. His method was much employed in taking rapid soundings during the 
laying of telegraph-cables along the Brazilian coast to the West Indies. It has 
also been used with great success on the United States Submarine Survey. Re- 
cently, while on his way to Philadelphia, Sir W. Thomson himself was able to 
take flying soundings, reaching the bottom in sixty-eight fathoms, from a 
Cunard Line steamship going at full speed. 

" Sir William Thomson is a Fellow of the Royal Society of London and of 
the Royal Society of Edinburgh. He has received the Royal Medal of the 
former and the Keith Medal of the latter. He is also an honorary member of 
several foreign societies. The Universities of Dublin, of Cambridge, and of 
Edinburgh, have each conferred upon him the honorary degree of LL. D., and 
that of Oxford the honorary degree of D. C. L. On his marriage in 1852 he gave 
up his fellowship at St. Peter's College, Cambridge; but in 1871 his college 
again elected him to a fellowship, which he now holds." 
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INSECTS AND FLOWEBS IN COLORADO. 
7b 1h% Editor </ iJu Popular SeUnee Monthly. 

IN my paper on "The Fertilization of 
Flowers by Insect Agency " (" Proceed- 
ings of the American Association for the 
Advancement of Science," 1875, pp. 244, 
245), I say : " Od my first visit to the Rocky 
Mountain region, the absence of insects 
proved very annoying to the entomologists 
who accompanied me. Indeed, the paucity 
of animal life of all kinds in the Rocky 
Mountains is well known ; but there is no 
more scarcity of seed in the colored flower- 
ing plants than in similar ones elsewhere.*' 
At the conclusion of my address, Prof. Riley 
objected to the accuracy of this statement — 
not from his own personal experience, as I 
believe, and from overlooking, as I sup- 
posed, that I was referring to insects relat- 
ing to the cross-fertilization of flowers — 
chiefly Hymmoptera and Lepidoptera, Mr. 
Charles R. Dodge, editor of Field and For- 
est, was one of the entomologists I referred 
to. In voL i.. No. 12, page 89, he describes 
that expedition in the summer of 1871 : 
" The route carried us through Golden City 
and Idaho Springs to South Park, thence to 
Pike's Peak and the Garden of the Gods, 
where we emerged from the mountains and 
returned to Denver over the level plateau 
known as the * Divide ; ' and, from the time 
we passed the foot-hills near Golden City, 
and entered the first canon in the moun- 
tains, we were struck with the comparative 
paucity of the insect fauna. ... In the 
mountains, the marked absence of insect- 
life in variety, except in favorable locali- 
ties, was the rule, and not the exception/' 
Traveling was not so easy then as now, and 
-I think it took us nearly three weeks. The 
party comprised thirty persons, all of whom 
were interested in aiding the collectors. 
Mr. Dodge sums up his remarks by espe- 
cially noting that ** the entire mountain-trip 
yielded so small a number of nocturnal 
Lepidoptera that they are hardly worth 
mentioning." He adds, " I have conversed 
with a few other entomologists on this sub- 
ject, and they agree with me perfectly." 



Now, if we turn to Hayden's ** Report 
of the Survey of Colorado," for 1873, we 
find Lieutenant Carpenter substantially re- 
cording the same thing. Here are the doings 
of a whole season, and not for three weeks 
merely, and only five species of butterflies 
are found; and, indeed, he remarks that 
^^Lepidoptera are undoubtedly peculiar to 
high latitudes and great elevations." This 
leaves us with scarcely anything but bees 
to do the whole work of flower-fertilization 
in the Rocky Mountain region. But even 
these seem to be confined to some consider- 
able elevation. In an expedition in 1873 I 
saw Bombtts termarius in abundance, but on 
no other flowers than Polygonum historia^ 
on Gray's Peak, on the flats near the tim- 
ber-line. I was struck by the fact that 
they seemed to visit only this species, evi- 
dently getting all they required from it, and 
neglecting everything else. I did not see 
bees anywhere in our expedition of 1871 in 
lower altitudes, nor do I think there were 
any in 1873, except in this high region near 
the timber-line. Of course, there might 
have been, but, if so, they were so scarce 
as to attract little attention. This seems to 
have been the experience of Lieutenant Car- 
penter. He says, "The humble-bee was 
always to be seen in midsummer at the 
verge of the Alpine flora, busily engaged in 
collecting its store of pollen from the few 
flowers to be found." This does not cer- 
tainly say they might not be found lower 
down, but it is a fair inference. My collec- 
tions in this district embraced over seven 
hundred species of flowering plants and 
ferns. I can say that among these were 
quite as large a proportion of colored flow- 
ers as in an equal number gathered East, 
where insects are conceded to be numer- 
ous. 

But just here Prof. Gray steps in with 
the following note : " A propos to Mr. Mee- 
han's suggestion that, although the Alpine 
plants of the Colorado Rocky Mountain3 
are mostly high colored, insects are there 
so rare that they can be of no material aid 
to fertUization, and therefore these plants 
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must self-fertilize, it may not be amiss to 
introduce testimony. An entomologist now 
at my side, who has passed four summers 
among the^e mountains, and made frequent 
visits to the Alpine regions, informs me 
that * he has always found insects of all 
orders quite abundant in the Rocky 
Mountains ' " (SUlimanU Journal^ 1876, pp. 
897, 898). The route which I have de- 
scribed can hardly be called the ** Alpine " 
region, unless it be in so far as it relates to 
Pike's Peak, which, however, I did not join 
my companions in ascending, having chosen 
in preference to explore alone what was 
then an unknown ca&on, and which I named 
after my good friend Dr. Engelmann, whose 
name it still bears. There is nothing in 
my paper, as referred to by Prof. Asa Gray, 
to warrant the statement that I was confin- 
ing myself to " Alpine " regions. Indeed, 
the " suggestion," so far as it relates to the 
paucity of insects, should refer to the " en- 
tomologists who accompanied me,*' and not 
to myself. All I claim is that the ** ento- 
mologists " found no insects, while I found 
colored flowers seeding abundantly. 

In view of the testimony of the ento- 
mologist at Dr. Asa Gray's side, that insects 
of all orders are quite abundant in the 
Rocky Mountains, I should be glad to have, 
through The Popular Science Monthly, a 
list of the Hymenaptera and Zepidopiera 
that are abundant enough, in the particular 
part of the Rocky Mountain region covered 
by my experience, to probably act as cross- 
fertilizers of flowers, noting those which 
may perhaps be introduced since 18Y1, as 
it is well known that, with the introduction 
of agriculture and horticulture, insects often 
follow. 

I do not suppose that, in the large num- 
ber of observations I have placed on rec- 
ord, there will not be now and then one 
found "imperfect." Not one of us who 
are working in this field but, with all our 
care, must expect such annoyances. As 
the relation of insects to plants in the 
flora of Colorado is an important one, and 
I never heard the view I have taken of it 
questioned except as now stated, I think it 
important to science to know exactly how 
f%r my statement is imperfect, if imperfect 
at all. Thomas Meehan. 

Gbbmamtown, Pa., I^ovember 2T, 18T6. 



THOMAS CAELTLE AND THE DAEWIN& 
7b th4 Editor qf the Popular Science MbnUiiy. 

There are floating in the American 
press some ill-natured remarks of the oc- 
togenarian, Carlyle, that merit a little atten- 
tion. The remarks reported are as follows : 
** I have known three generations of the 
Darwins — grandfather, father, and son: 
atheists all ... I saw the naturalist not 
many months ago ; I told him that I had 
read his * Origin of Species * and other 
books ; that he had by no means satisfied 
me that men were descended from monkeys, 
but had gone far toward persuading me 
that he and his so-called scientific brethren 
had brought the present generation of Eng- 
lishmen very near to monkeys. A good sort 
of a man is this Darwin, and well-meaning, 
but with very little intellect." 

Remark 1. If a "very little intellect" 
can change the present generation of Eng- 
lishmen to monkeys, what are those Eng- 
lishmen made of? 

Remark 2. Carlyle has known the three 
generations of the Darwins, beginning with 
the grandfather. Erasmus Darwin, the 
grandfather, died in 1802, about six or seven 
years after Carlyle was bom ! Is it exact- 
ly the right thing for the old gentleman to 
say he knew him ? 

Remark 8. " They are atheists all." Now, 
two years before Mr. Carlyle was bom, to 
wit, 1794, the grandfather, Erasmus Darwin, 
published the great work of his life, " The 
Zoonomia, or Laws of Organic Life," and on 
the first page he says : " The great Creator 
of all things has infinitely diversified the 
works of his hands, but has, at the same 
time, stamped a certain similitude on the 
features of Nature, that demonstrates to us 
that the whole is one family of one parent,^"* 
And, on page 77, he says expressly : " I do 
not wish to dispute about words, and am 
ready to allow . . . and to believe that the 
ultimate cause of all motion is immaterial, 
that is, God." Mr. Carlyle may be a well- 
meaning man, but his knowledge of that 
grandfather, although at the ripe age of 
six years, must have been rather imperfect. 

But the charge of atheism includes the 
naturalist, Charles Darwin. The candid 
readers of Charles Darwin's works know 
better. Many people, on reading the books 
of Genesis and Job, grow skeptical ; but no 
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one who reads the mairelous revelations 
of the works of God which this learned 
naturalist has published can for a moment 
doubt the existence of the dirme wisdom 
which pervades the realms of Nature. 

R. if. E. Ormbbt. 
Chxstxb Hill, N. Y^ November 27, 1876. 



To the Editor qf the Popular Science MonOHy, 

Dear Sir : In a letter addressed to jou, 
and published in jour columns, from the 
pen of Thomas Meehau, Esq., in which he 
is *'*' getting right on the record," I am dis- 
turbed by the following expression in refer- 
ence to my Buffalo address : *' Prof. Morse 
could only help me with the audience by 
remarking, * We all know that Mr. Meehan 
is a Darwinian, and an evolutionist, but 
must say he has an odd way of putting it.' 
That my good friend does not regard me as 
much of either is, however, clear, from his 
making no reference to any of my labors in 
his * History of Evolution.* " 

The reader of this might think that I had 
either overlooked the interesting contribu- 



tions of Mr. Meehan in the " Proceedings *' 
of the Philadelphia Academy, and his own 
journal, or else had done him a manifest 
injustice. That I am not guilty, either of 
oversight or injustice in this matter, the 
following lines from my Buffalo address will 
prove : " A review of the work accomplished 
by American students, bearing upon the 
doctrine of descent, must of necessity be 
brief. Even a review of a moiety of the 
work is beyond the limits of an address of 
this nature. And for obvious reasons I 
must needs here restrict it to one branch of 
biology, namdy, zoology.'*'' The ohvious rea- 
son is that I am not a botanist, therefore no 
reference is made to the works of Dr. Gray, 
Mr. Meehan, Prof. Beal, and others, who 
have made valuable contributions to the 
subject In the solitary case where I al- 
luded to the fertilization of yucca, it was 
to show the curious moth Pronvha, so ad- 
mirably described by Prof. Riley, as an in- 
sect showing peculiar adaptations for the 
work in hand. Edward S. Morsi. 

Saxzm, MAssAO HUsrwa , Kovember 4, 1876. 
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PBILAITTBBOPIC FANA TJCJSM AGAINST 
SCIENCE, 

EEFERENCE has been repeatedly 
made in onr pages to an English 
Parliamentary Commission, appointed 
to inquire into the practice of vivisec- 
tion, or experiments upon living ani- 
mals, made for scientific purposes bj 
the physiologists of that country. The 
inquiry was the consequence of a pro- 
longed and intense public agitation, in 
which the sympathies of the people 
were excited, and their indignation 
aroused, by frightful stories of cruelty 
deliberately and wantonly perpetrated 
upon innocent animals under the pre- 
text of advancing scientific knowledge. 
The movement was systematically and 
skillfully engineered by those who make 
philanthropy a business. Money was 
plentifully contributed by the rich to 
carry it on, and with plenty of money 
there is never any difficulty in engaging 



the press in a good work. Appealing 
to the sensibilities by exaggerated ac- 
counts of the way poor animals were 
tortured, the subject naturally took a 
deep hold of the sympathies of women, 
and its measures were promoted and 
sustained by many ladies of wealth and 
high social position, and were under- 
stood to be warmly encoui:aged by the 
queen herself. But the humane feelings 
of both sexes were profoundly stirred 
by the tales of atrocity that were cir- 
culated, so that the scientific physiol- 
ogists of the country began to be looked 
upon as fiends, reveling in the infliction 
of agony upon helpless animals. The 
stories, of course, were unscrupulous 
exaggerations, or arrant lies, but the 
public is a great believer and fond of 
pungent sensations, while fervid phi- 
lanthropy is not apt to trouble itself 
much about cool matters of evidence. 
The Parliamentary Commission, con- 
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stitated of both the enemies and the 
friends of vivisection, at length took the 
matter np, and, as is castomary with 
English commissions, it made a thorough 
investigation. Witnesses on both sides 
gave voluminous testimony on all as- 
pects of the subject, and after patient 
and impartial consideration the body 
made a report which was designed to 
be preliminary to legislation upon the 
question. As regards the merits of the 
controversy, it was agreed that vivisec- 
tion, or operations upon living animals, 
is a necessary and a proper thing, and, 
as practised by scientific men, has been 
of great use to the world. The com- 
mission, moreover, entirely acquitted 
the physiologists of the charge of cru- 
elty. It commended the humanity of 
the medical profession in England, and 
testified that medical students were ex- 
tremely sensitive in regard to the inflic- 
tion of pain on animals. 

One would think that with this de- 
cisive expression on the general subject, 
and with this complete vindication of 
the aspersed parties, the agitators would 
have been rebuked, and the case at 
once dismissed. But the anti-vivisec- 
tion movement was quite too formida- 
ble to allow of this. That hysterical 
rampage of British philanthropy was 
strong enough to coerce the Govern- 
ment against its own protestations, and 
to extort from it a law that was alike 
an insult to science and a disgrace to 
the country^ The physiologists were 
expressly acquitted of all improper prac- 
tices when left free as they had always 
been to pursue inquiries in their own 
way, and they were then handed over to 
the future control of the police. They 
were vindicated from all imputation of 
cruelty, and then subjected to the opera- 
tion of a statute against cruelty to ani- 
mals. Though their experiments had 
for their object the ultimate mitigation 
of pain to the higher creatures most 
susceptible of pain — ^though their inves- 
tigations were of so beneficent an influ- 
ence that, as Prof. Tyndall justly says, 



"no greater calamity could befall the 
human race than the stoppage of experi- 
ments in this direction " — yet the physi- 
ologists were classed by law with those 
cold-blooded brutes who cruelly over- 
drive, abuse, and torture domestic ani- 
mals. Though the necessity, and form, 
and extent of his experiments on ani- 
mals were, in the nature of the case, 
matters of which the operator alone 
could judge, as their essential object is 
the elucidation of undetermined prob- 
lems, yet it was legislated that he should 
not pursue his work except by a license 
from a political office-holder, and the 
making of any experiment calculated to 
give pain to an animal was declared an 
offense punishable in the first instance 
by fine, and in the second by fine and 
imprisonment, unless certain conditions 
were complied with to the satisfaction 
of the said political functionary who 
was put in control of the whole business. 
In short, legislative wisdom, stimulated 
by philanthropic zeal, outlawed vivi- 
section as a crime, and then provided for 
its perpetration by leave of the Secre- 
tary of State. 

Let us now see how much there 
was of real philanthropy or of hearty 
sympathy for the sufferings of the low- 
er animals at the bottom of this move- 
ment. Had it been sincere, or based 
upon principle, it would have undoubt- 
edly aimed to be effectual, and to have 
inflicted the penalties for cruelty alike 
upon all delinquents. But the law was 
so framed as to bear hard only upon 
the poor, and to give a virtual license 
to the rich, who could easily pay the 
fines prescribed for inflicting whatever 
cruelties they chose. Again, the law 
passed was intended, by the terms of 
its title, to prevent "cruelty to ani- 
mals ; " but a clause was quietly intro- 
duced at the end limiting it to the pro- 
tection of domestic animals only — a 
clause which stultified the enactment, 
and showed the emptiness of its pur- 
pose by exposing immensely the great- 
er portion of the inferior animate ore- 
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ation to all the wantonness of torture ; 
and not only that, hat to tortures that 
were sure to he inflicted, and were pro- 
vided for hy the limitations of the stat- 
ute. Of the sufferings to which cer- 
tain of the lower animals are suhjected 
hy the favorite English pastime of hunt- 
ing them with hounds, which is free- 
ly permitted hy law, we do not speak, 
but will only refer to some facts regard- 
ing the universal English sport of 
" shooting." It is well known that the 
British Parliament generally adjourns 
about the time that the partridges and 
grouse cease to be protected by the 
game-laws of the country ; and no one 
who knows anything of the strength 
of British instincts for destructive field- 
sports will consider the connection, in 
this case, as altogether fortuitous. 
Lords, Commoners, and everybody that 
can afford it, then seize their guns, and. 
betake themselves to the fields and 
mountains wherever there is anything 
to be killed. It is the fashionable and 
the national thing. Those who own 
grounds range over them with their 
guests in quest of beasts and birds, and 
others hire the privilege of doing it for 
longer or shorter times. The whole 
matter is legally regulated. Licenses 
are issued to keep guns, and licenses to 
kill game. A few of all the multitudes 
who enter upon the sport are good 
shots, and kill a large portion of the 
creatures fired at. But the most of 
them are bad shots, and wound many 
more than they kUl. When hit, if not 
captured, they escape with their bodies 
penetrated with leaden pellets— some 
of them to die ; some to suffer miser- 
ably ; and others to recover after expe- 
riencing various degrees of pain. A 
writer in Nature has gone into the sta- 
tistics of shooting, with a view to esti- 
mate the probable numbers of creat- 
ures that thus suffer by wounding. He 
adopts as his basis the number of those 
who take out licenses, the duration of 
the season, and the days given to sport, 
and, by reckoning the number wounded 



per day that are not killed, he arrives 
at a proximate conclusion regarding the 
aggregate of animals that yearly suffer 
from this cause. The number of li- 
censes issued is taken from government 
reports, which indicate, for example, 
that in the year 1873-74 there were 
182,086 holders of gun-licenses, and 
65,846 holders of licenses to kill game. 
Assuming that each sportsman wounds 
three head of game per day, which are 
not taken, he finds that the total num- 
ber of animals upon which pain is thus 
inflicted amounts to many millions an- 
nually. We cannot go into the details 
of his calculation, which is carefully 
and fairly made out, but will quote the 
concluding passage of his article : 

" If we may trust our figures, her© are 
the plain facts that acute pain of uncertain 
duration was, iu the year ending March 81, 
1874, inflicted upon over twenty-two million 
animals, and in the following year upon 
over twenty-three million and a halfy in the 
British Islands. We are not aware that we 
possess any bias that would make us exag- 
gerate our estimates to produce these results. 
Our only object is to attempt as near an ap- 
proximation to the truth as we can. The 
flgmres stand for tbemselves, and if any one 
thinks he can furnish fairer averages let him 
give his data for them. We are, as it is, 
willing to guard against any unconscious 
exaggeration, and to knock off more than 
ten per cent, of our grand totals, so as to 
say roundly that only twenty millions have 
suffered in each year. But we would invite 
our readers to reflect on the proportion which 
even that number bears to the number of 
animals which during the same time have 
been subjected to experiment by the physl 
ologists of this country. The latter have 
been by many excellent persons held up to 
obloquy as monsters of cruelty. If this 
has been done justly, what must they think 
of those who use the tninl'* 

From the point of view here pre- 
sented, the state of the case has been 
pithily summed up by Mr. Lowe, in a 
recent able article in the Contemporary 
Review: 

" According to present British law, asre' 
vised under the spur of the latest philaiH 
thropy, it appears that, while the man of 
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■oienoe mast not inflict the least pain on any 
animal for the most beneflcent object, any 
one else may inflict the most exquisite tor- 
tures on any non-domestio animal — that is, 
on ninety-nine hundredths of the brute crea- 
tion—without any punishment at all. If he 
can show that the torture was inflicted from 
cruelty, from gluttony, for money, for amuse- 
ment—for any motive, in fact, except a de- 
sire to do good by exteiiding knowledge— he 
ei^oys the most perfect impunity ; but woe 
to him if in his infliction of pain there is 
any alloy of science 1 " 

An attempt was made to protect 
animals from pain against the sports- 
man as well as the man of science, by 
putting both upon the same footing as 
regards penalties, bat it failed. Mr. 
Lowe says: 

" A motion to extend the law which for- 
bade the cruelly abusing or torturing any 
domestic animal, to animals non-domestic, 
and to increase the penalty to a level with 
the penalty imposed for performing a pain- 
ful experiment, was lost by a large m^ority, 
the Government voting against it. . . . The 
efforts, therefore, of the two Houses of Par- 
liament to introduce humanity into our laws, 
as regards animals, stands thus : 

" 1. Absolute liberty to torture all non- 
domestic animals except by way of scientiflc 
experiment. 

** 2. Practical liberty for any one who can 
afford to pay five pounds to torture domestic 
animals except by way of scientiflc experi- 
ment. 

"8. No punishment for painful experi- 
ment except by leave of the Secretary of 
State." 

ITow, politicians are not partial to 
science, bat the British Government 
would never have committed itself to 
such ridiculous legislation except for the 
pressure of a fanatical agitation which 
grew out of no real sympathy with the 
suflferings of the lower animals. Had 
it been so, the crusade would have been 
directed against sportsmen for their ex- 
tensive and selfish infliction of cruelty, 
rather than against the physiologists 
for the small amount of pain which 
they caused, and that, too, in the 
unselfish and beneficent pursuit of 
knowledge which is designed to miti- 
gate human suffering and save human 



life. The agitation was incited by fic- 
titious horrors, and was worked up and 
sustained in a business way by prac- 
tised manipulators of popular passion 
and prejudice. It was directed against 
a certain class of scientific men, and had 
its chief root in those narrow preju- 
dices against science which the press 
and the pulpit have recently done so 
much to nourish and sustain. There 
has been an especial dread of biological 
science, because it meddles with the 
mysteries of life, and aims to explain 
things which ignorance and supersti- 
tion would rather not have explained. 
Experiments upon animals are looked 
upon with abhorrence, not solely be- 
cause of the creatures' suffering, but 
also because the knowledge thus de- 
duced and applied to man is held to be 
derogatory and degrading to his nobler 
natare. The anti-vivisection move- 
ment, in short, was very much a result 
of that feeling of jealousy and hostility 
toward science which is by no means 
confined to the ignorant classes, and 
which it was not difl&cult to inflame into 
the fanatical intensity of an aggressive 
and intolerant popular movement. 



POLITICAL ECONOMY IlSf THE VNITED 
STATES, 

The hundredth anniversary of Adam 
Smith's " Wealth of Nations " has been 
the occasion in England of a pretty 
careful review of the science which he 
founded — its methods, its province, its 
achievements, and its prospect of fu- 
ture usefulness — ^with the result, not of 
reaching definite conclusions, bat of 
revealing very wide differences of opin- 
ion as to what political economy really 
is. The generd tone of the discussion 
is decidedly doleful ; dissatisfaction with 
the present and doubt as to the future 
being the only points upon which there 
is unanimity. Politicians and newspa- 
pers alike declare that the centennial 
marks the decline and not the con- 
summation of the "dismal science;" 
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that the points of the present contro- 
versies are not of the same importance 
as those of earlier days ; that there re- 
mains not mnch to be done in the way 
of direct legislation ; in short, that its 
great work is done. 

In a sense this may be said to be 
true. The repeal of nsury and com 
laws, and the establishment of free 
trade, was a great work ; and in many 
minds this practical application of prin- 
ciples stood for the science. Being ac- 
complished, it forms so essential a part 
of the commercial policy of the country, 
and has become so rooted in the minds 
of the present generation, that the value 
of the benefits derived is not duly ap- 
preciated, nor the importance of ex- 
tending this work to other coxmtries 
suflBciently recognized. 

Economical reform in England has 
reached that critical period, which 
comes in the history of all reforms, 
when effort has been crowned with 
success. Its old rallying - cries have 
lost their potency because the ideas 
which they represented have become 
universally-accepted axioms; the evils 
which it labored to correct no longer 
exist ; its champions find their old weap- 
ons useless, and no new ones are, as 
yet, fitted to their hands. 

Naturally, this chaotic condition 
has begotten dissension and revolt, 
even among those who are by no means 
willing to admit that the functions of 
the science have become unimportant ; 
the ranks of the faithful have fallen 
into disorder ; rival sects have arisen, 
and the validity of time-honored ten- 
ets is discussed with earnestness if not 
with heat. The orthodox school still 
holds in the main to the old creed; 
whUe the dissenters, styling themselves 
the Historical School — a name the fit- 
ness whereof their opponents decline 
to allow — denounce this creed as being 
based upon rude generalizations, ob- 
tained by a superficial and unphilosoph- 
ical process of abstraction. 

We shall not, at this time, attempt 



any discussion of these questions. "We 
have faith in political economy as a 
science, and a perfect assurance that, 
whatever subdivision or specialization 
it may Undergo, its vitality will remain 
unimpaired. We could, therefore, look 
upon the present contention with equa- 
nimity were it not for the reflection 
that, here in America, we ai*e still 
disputing over those economical prin- 
ciples which in England are irrevocably 
settled. 

However true the statements that the 
science has outlived its usefulness may 
be with regard to that nation, they have 
no application to the condition of the 
United States. Here its most funda- 
mental propositions are matters for 
discussioh and legislation, and the prob- 
lems involved imperatively demand so- 
lution. We who, this year, are cele- 
brating the hundredth anniversary, not 
of a book, but of the nation^s birth, 
have still to decide whether the prog- 
ress over which we are prone, rightly 
enough, to indulge in a good deal of self- 
glorification, has been helped or hin- 
dered by the policy of protection which 
has ruled hitherto; whether, had an 
opposite course been pursued, our in- 
ternal resources might not have been 
quite as fully developed, and at the same 
time our external commerce have re- 
ceived a commensurate impetus instead 
of being at its present low ebb. This, 
and the condition of our currency, are 
very real questions with us; the way 
in which they are answered may make 
all the difference between continued 
progress and comparative immobility ; 
and yet, while the country is in a fer- 
ment from shore to shore over the most 
inconsequential of elections, these im- 
portant matters lie apparently dead in 
the public mind. 

The profound stagnation of the 
commercial world has brought us near- 
ly to a stand. Old combinations are 
disturbed and broken up. In the lull 
some of the hallucinations of specula- 
tive fever are disappearing, but the 
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state of oar finances is notorionslj nn. 
satisfactory, and that which Mr. Lowe 
is pleased to call the ^* great work '' of 
political economy, the establishment of 
free-trade principles, with us remains 
undone. Is it not time serionslj to 
consider what can be done to make the 
readjustment of the social elements a 
favorable one for us— one more ade- 
quate to the exigencies of the time? 

Prolonged immunity from wars, the 
sway of sound commercial doctrines, 
the absence of the element of uncer- 
tainty in her finances, has enabled Eng- 
land to absorb a great part of the ex- 
change business of the world. Conti- 
nental disturbances made her oppor- 
tunity, and she was ready to improve 
it. London is a vast clearing-house, 
while the United States do not act as 
middle-man between any two nations. 

It is almost universally admitted that 
there can be no peaceful settlement of 
the Eastern question which can be last- 
ing. Sooner or later it must be sub- 
mitted to the arbitrament of war, and 
when that comes England cannot stand 
aloof. Engaged in such a struggle, she 
can no longer offer so secure a refuge 
as formerly to capital seeking a place 
of safety and stability. She must re- 
linquish, in part at least, this function, 
and there is nothing mercenary in the 
suggestion that that would be our op- 
portunity. But, however favorable for 
our aggrandizement foreign complica- 
tions might become, they would now 
find us unprepared to take our rightful 
place in the world's commerce — ^unable 
to arrest the hour. Economical reform 
is an essential preliminary to success 
in such an endeavor. Our distance 
from Old-World centres finds compensa- 
tion in our freedom from European en- 
tanglements ; but the obstacles present- 
ed by a cumbrous and oppressive tariff, 
and a depreciated, fluctuating currency 
—compared with which three thousand 
miles of ocean are as nothing — would 
be simply insurmountable. And what 
is the prospect of their removal*? 



The answer which must be given is 
not satisfactory. 

There is reason to believe that the 
vagaries of inflationists are giving place 
to sounder financial views. There is 
warrant for the hope that the friends 
of free trade are increasing in numbers, 
and that its principles are slowly gain- 
ing ground, but no demonstration of 
this by legislation has yet appeared— 
nor are there any signs of it. Neither 
set of politicians seems to consider 
them worthy of consideration. Mean- 
time the forces of protection are in 
close order, well appointed and alert— 
they will make a stout fight, and that 
there should, at this critical period, be 
a disaffection anywhere in the ranks of 
sound political economy, must be re- 
garded as a matter of the gravest con- 
cern. 



PBOFESSOB MAETlir OJST SCIENTIFIO 
EDUCATIONS, 

Lady Bubdett Ooutts, who, having 
much money to give away, patronizes 
numerous charities and receives great 
applause, has come to be a kind of au- 
thority in the sphere of philanthropy, 
duty, ethics, etc. Hearing much said 
against science, on account of the ex- 
perimental study of animals, she sought 
Prof. Tyndall, to inform him that sci- 
ence was growing immoral, because it 
did not formerly do such dreadful things 
as it is in the habit of doing now. Prof. 
Tyndall replied that it was rather grow- 
ing hiologieal, or passing into a new 
sphere to explore the laws of life, to 
which experimental investigations on 
organisms in life are indispensable. 

This comparatively new subject, bi- 
ology, which, after three centuries of 
preparation in physics and chemistry, 
has only been fully reached by the sci- 
entific mind of the world during the 
last fifty years, is now beginning to be 
recognized in its full import in onr sys- 
tem of higher education. Biological 
chairs have been founded, and labora* 
tories and schools of biological research 
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have been established in connection 
with Tarions of the old European nni- 
yersities ; and although we, in this coun- 
try, have had chairs, and schools, and 
museums of natural history, connected 
with our colleges, or apart from them, 
yet the provision made for biological 
study in the organization of the Johns 
Hopkins University at Baltimore marks 
a decisive step forward in the educa- 
tional treatment of this important sub- 
ject. 

We give our readers the able inau- 
gural address of Prof. Martin in enter- 
ing upon his work at Baltimore, and 
they will be repaid by a careful perusal 
of it The statement of principles, pur- 
poses, and plans, is excellent; and if 
they are carried out intelligently and 
perseveringly, as there is no reason to 
doubt they will be, the results cannot 
fail to be in a high degree advantageous. 
The proposed mode of combining origi- 
nal work with practical teaching is full 
of promise. Prof. Martin dispels the 
erroneous and iiyurious notion, too cur- 
rent, that original work means great 
discoveries. He points out how stu- 
dents of but ordinary capacity may yet 
do something to extend the boundaries 
of knowledge, while at the same time 
the important ends will be secured of 
mastering the true methods of inquiry, 
of making solid acquisitions, and of 
being able to teach from an actual un- 
derstandiug of the subject. What he 
says of the influence of scientific study, 
when conducted by proper methods, 
and in its genuine spirit, in cultivating 
the love of strict truth, and the mental 
habit of seeking it as the supreme thing, 
deserves the most serious attention. 
How to include a thorough discipline 
in truth-seeking, in our systems of edu- 
cation, is the problem of problems yet 
to be solved. No one who goes to 
church, or drops into the court-room, 
or visits our halls of legislation; or reads 
the newspapers, can fail to see that, 
with all their learning and volubility, 
our cultivated men are still very much 
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in Pilate's state of mind in regard to 
truth. It may not be possible for all 
educated people to get the benefits of 
biological training as a part of culture, 
but the most salutary results will come 
from making scientific training an inte- 
gral and established part of higher edu- 
cation. When thorough scientific cult- 
ure once gets a fair foothold in our 
colleges and universities, so that its re- 
sults can be compared with the purely 
literary training that now prevails, its 
influence will soon be felt, and we may 
safely leave the rival methods to the 
operation of natural selection. Mean- 
time, our teachers will do well to con- 
sider carefully Prof. Martin's sugges- 
tions, and set themselves to the inqui- 
ry, how far it may be in their power to 
make application of them, in modified 
ways, in their own sphere of activity. 



PBOFESSOB HUXLEY OK THE HORSE. 

We publish this month the third 
lecture of Pr^f. Huxley, as corrected 
by himself for The Popular Science 
Monthly, and accurately illustrated 
under the supervision of Prof. Marsh, 
of New Haven. The lecture deals 
mainly with the genealogy of the horse 
as traced far back into geological an- 
tiquity, by the discovery of successive 
fossil forms in successive strata or de- 
posits. These forms are so closely re- 
lated, and exhibit so graduated a series 
of modifications, as to establish the 
fact of a genetic and derivative relation 
from the lowest to the highest. The 
fossil terms of this series were already 
so far made out in Europe as to satisfy 
paleontologists there that the pedigree 
of the horse is established ; but, by re- 
cent discoveries on this continent, the 
ancestral chain has been traced still 
farther back, so as greatly to strengthen 
the conclusion reached by foreign in- 
vestigators. To the three ancestral 
forms found in Europe, which ^o back 
to what the geologists call the Miocene^ 
Prof. Marsh had added two others, car- 
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rjing the line back to the Eocene for- 
mations, and connecting the present 
Equus or horse-tribe with an early Eo- 
cene animal known as the Orohippus, 
In his lecture Prol Haxley traced the 
relationship of these six ancestral forms 
of the existing horse, and based his argu- 
ment for the demonstrative evidence of 
evolution on the continuity and extent 
of the series. But he went further, and 
stated what the characteristics of a still 
earlier form would be if it were ever 
discovered ; and, within a month from 
his departure from the country, Prof. 
Marsh announces that fossils of the 
predicted animal have been actually 
found in the lowest Tertiary deposits 
of the West, giving the Eohipptu as the 
seventh term of paleontological ances- 
try of the Equine group. 

We pointed out last month that 
proof is a thing of degrees, and that 
demonstration may be cumulative ; and 
the very case we were considering now 
furnishes fui*ther illustration of it. 
Prof. Huxley says that the doctrine of 
evolution and the Oopernican theory 
of the motions of the heavenly bodies 
have precisely the same basis, that is, 
*^the coincidence of observed facts 
with theoretical requirements ; " .and 
that ^^an inductive hypothesis is said 
to be demonstrated when the facts are 
shown to be in entire accordance with 
it." But the demonstration becomes 
still stronger when the requirements of 
theory lead to the prediction of what 
must follow from it, and Nature sub- 
sequently furnishes the facts that vin- 
dicate the prophecy. It is one of the 
highest tests of the truth of a theory, 
that it leads to new discoveries, as was 
conspicuously the case with the wave- 
theory of light. A scientific professor 
is reported to have said that the proof 
of the evolution theory is far less strong 
than that of the undulatory theory, 
while nobody regards that .as demon- 
strated. On the contrary, it «» so re^ 
garded, and with abundant reason. The 
objective existence of the ether may 



not be proved, but this conception is 
not essential to the theory, and is held 
by many as nothing more than a con- 
venient assumption or hypothetical ar- 
tifice to aid the imagination in picturing 
wave-actions. The essence of the the- 
ory, whether the medium assumed be 
ethereal or material, is that light origi- 
nates in some kind of undulatory mo- 
tion, and a rational optical science is 
now only possible on this view. In the 
sense in which Huxley uses the term 
demonstration, as ** the coincidence of 
observed facts with theoretical require- 
ments," it is an established demonstra- 
tion, and evolution stands exactly on 
the same ground. The facts are what 
the theory requires them to be, and 
what it predicts them to be ; it explains 
them by the operations of real causes, 
and offers the only explanation we can 
have without going outside of Nature 
to get it. 

Prof. Huxley has done us great ser- 
vice by going over the question of evi- 
dence in his three lectures, and bring- 
Ibg out the full force of the proof for 
this doctrine, and to make any less 
claim than he has made is to be want- 
ing in fidelity to the truth. 

And from this point of view we 
must think that Prof. Martin, in his 
admirable introductory discourse, did 
not fairly represent the case in giving 
the scientific status of the principles of 
the conservation of energy and of natu- 
ral selection. He said : *^ These ideas 
may or may not be true ; increase of 
knowledge may confirm or may pos- 
sibly upset them." So sharp an alter- 
native as true or false, determinable 
only in a contingency of the future, 
certainly does injustice to the logical 
validity of these great ideas. They can 
no more be subverted or abandoned in 
the future than any other truths of ex- 
periment and observation. They -may 
disappear by absorption into larger 
truths, may change aspects, but they 
are basal and permanent factors of sol- 
ence, and we see not why the professors 
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of physios and mathematics might not 
open their courses by conceding tii© in- 
security of the fundamental principles 
of their sciences with just as much 
propriety as the professor of biology. 



COMMERCIAL MANIA8, 

Recent writers upon the subject 
of commercial manias usaally indulge 
in congratulations over the fact that 
the world is grown more wise; that 
the mental aberrations of our day are 
less marked than those of earlier times ; 
that, for example, the absurd Dutch 
tulip-mania, Law's wild Mississippi 
scheme in France, and the South-Sea 
bubble iu England, find no parallel in 
these days of greater intelligence and 
self-control ; that the time has gone by 
wlfen a sharper could clear $10,000 in 
five hours by selling shares in ^^ a com- 
pany for carrying on an undertaking of 
great advantage, but nobody to know 
what it is ! " 

It is probably true that our tenden- 
cies are not quite so rabid as those of 
our fathers, but we hold on bravely to 
some of their worst follies. It was only 
at the last session of Congress that the 
advocates of an unlimited issue of irre- 
deemable paper were strong enough to 
prevent any steps being taken toward 
resumption. It was but the other day 
that the progressive Commonwealth of 
Massachusetts chose as a representative 
B. F. Butler, who declares that tlie 
" progressive " dollar is a paper dollar 
so issued that it can never be redeemed. 
The absorbing interest of a presidential 
election has hushed somewhat the clam- 
or for the interconvertible note scheme 
— which is to pay all debts, public and 
private, and make everybody easy with- 
out costing anybody anything — but, had 
all those who still fully sympathize with 
the financial imbecility of Mr. Peter 
Cooper voted for him, the old gentle- 
man would have had a very different 
showing in the official count. Nor are 
there lacking concrete examples of cre- 



dulity which rival any of the exhibitions 
of former generations. A case in point 
is now running its course in Spain. 

A woman has opened a bank in 
Madrid for deposits in sums of a hun- 
dred dollars and upward, on which she 
pays interest as follows: twenty per 
cent, on receiving the deposit, twenty 
per cent, at the end of the first, sec- 
ond, and third months, and then at the 
expiration of the fourth month, when 
eighty per cent, has been already paid, 
she reimburses the entire sum lent. 
The payments thus far have been regu- 
larly made, and the public are flocking 
in crowds with their money, the depos- 
its now amounting to several millions 
of francs.- The bankers and savings- 
banks are being drained of their de- 
posits by this extraordinary traffic. 
Hours before the bank opens in the 
morning hundreds of depositors col- 
lect, and the presence of the police is 
necessary to preserve order. In this 
case " nobody is to know " how the 
money is employe^, and on that point 
contrary rumors prevail ; some assert 
that the capital is used in working 
mines of fabulous wealth ; others, that 
the woman is an agent of the Govern- 
ment, adding that it is thus procuring 
money on more advantageous terms 
than with its regular bankers 1 The 
true explanation will not be long with- 
held, unless the police interfere to pre- 
vent her running off with her plunder. 
This is almost a precise repetition of a 
case which took place in enlightened 
Germany four years ago — the Spitze- 
der affair of Munich. In this case 
enormous sums were confided to a 
woman banker, who lived in opulence, 
squandering the money of her deposit 
ors, and, as she could not repay them, 
she was sentenced to three years' im- 
prisonment. Her time expired some 
months ago, and the likeness of the 
transactions at Madrid to her opera- 
tions at Munich is strong enough to 
suggest a common origin. 

These cases appear still more re- 
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markable when we recall the fact that 
in Continental £arope the confidence 
in banks of deposit has never attained 
the strength that it has in this coun- 
try and in England. Outside of strictly 
commercial circles and people of large 
means the practice of depositing money 
with a banker is comparatively un- 
known. Small dealers, mechanics, and 
farmers, still adhere, in the main, to 
the old custom of hoarding, in feather- 
beds or underground, that has descend- 
ed from the troublous days of the mid- 
dle ages. That men should go from 
the extreme of unfounded distrust of 
stable and well-managed institutions 
into the incredible folly of pouring 
their money like water into the tills of 
a barefaced swindler, would seem to 
show that the springs of human action 
have not been raised very much ; that 
a love of great gains, a desire to get 
more than our money's worth, a credu- 
lous faith in the performance of impos- 
sible promises are still deeply rooted, 
and need but the stimulus of some new 
and untried humbug to develop an 
amazing number of credulous fools. 



LITERARY NOTICES. 

Knight's American Mechanical " Diction- 
ary. A Description of Tools, Instru- 
ments, Mactiincs, Processes, and Engi- 
neering ; History of Inventions ; Gener- 
al Technological Vocabulary; and Di- 
gest of Mechanical Appliances in Science 
and the Arts. By Edward H. Knight, 
Civil and Mechanical Engineer. 3 vols. 
Pp. 2831 ; 7395 cut?. New York: Hurd 
& Houghton. Price (cloth), $8 per vol. 

This comprehensive and valuable work 
belongs in the rank of the cyclopsDdias, al- 
though its author has seen fit to choose for 
it the less ambitious title of a dictionary. 
It is qualified as mechanical, and answers 
to this description, but mechanics goes deep 
and sweeps wide in the field of Nature and 
art. Indeed, philosophers are split into fac- 
tions over the question how far mechan- 
ics actually extends in the economy of the 
world, some maintaining that even cerebral 
action in processes of thought is resolvable 
into mechanical elements and conditions. 



But, without going so far as this, it is indis- 
putable that mechanical changes are exten- 
sively and profoundly involved in the ongo- 
ings of the material universe. It is a vul- 
gar notion that the term mechanics is re- 
stricted to cog-work and belting, wheels, 
levers, and pulleys, and a glance at Mr. 
Knight's voluminous exposition of the pres- 
ent state of knowledge on mechanical sub- 
jects will quickly dispel the narrow notions 
that may have hitherto prevailed regarding 
it. As stated in his prospectus, ** the work 
deals with the mechanical tide of every sub- 
ject that can be known or mentioned, and, 
as almost everything in the universe has a 
mechanical tide, the work becomes encyclo- 
pedical" 

Mr. Knight seems to be a man cut out 
for such an enterprise. He began it twenty- 
five years ago, and as the volumes, in their 
vast and accurate detail, abundantly show, 
he must have had an enthusiasm for the 
work that kept him at it with untiring pa- 
tience and perseverance ; but as mere indus- 
try, although a prime factor in the result, 
must have been insufficient unless acting in 
the most favorable circumstances, he went 
to the headquarters of opportunity in this 
country, the Patent-Office at Washington. 
He was here " engaged in the editing the 
Patent-Office Report" and classifying pat- 
ents; and subsequently editing the Offi- 
cial Gazette and systematizing for examina- 
tion the twenty thousand applications for 
patents which are yearly presented at the 
office. Sitting at the very centre and focus 
of the mechanical thought of the country, 
he had both the stimulus and the facilities 
for carrying out his long-cherished purpose, 
and the " Dictionary " no doubt owes its CiX- 
haustive completeness to the free command 
of facilities afforded by his position. 

We know of nothing that more impres- 
sively illustrates both the great advance of 
knowledge in this sphere of science and 
art, and the great activity with which it is 
at present cultivated in all civilized coun- 
tries, than a critical glance at the pages of 
this elaborate work. And its statements 
are so presented as to bring out this view 
most impressively. Mr. Knight has intro- 
duced a subsidiary feature of " special in- 
dexes," which is not only very useful to 
those who consult his work, but shows in a 
striking way the extent to which inventive 
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construction has been carried in special 
lines of inquiry. For example, under the 
term " metre," we have a list of 218 instru- 
ments or machines for measurement, the 
description of each being found under its 
proper alphabetical heading. ** These spe- 
cific indexes afford the reader an excellent 
opportunity for inyestigating thoroughly 
all that pertains directly or indirectly to 
any special subject, by using the index 
under the title of that subject as a sort of 
head-centre, and following out its various 
branches through all their ramifications." 

The work includes about 20,000 titles, 
and gives an exhaustive vocabulary of the 
technical terms that are employed in vari- 
ous trades and manufactures, and many of 
which are not to be found in the current 
large dictionaries. The work is, in fact, 
little less than a mechanical library, sum- 
marizing an endless multitude of books, and 
bringing up its accurate information to the 
present time. Of people who read and think 
at all, it is hard to think of any class that 
will not find it serviceable. 



A CouRs; OP Elementary Practical Phys- 
iology. By M. Foster, M. D., F. R. S., 
Fellow of, and Praelector in, Physiology 
in Trinity College, Cambridge. Assist- 
ed by J. N. Lanoley, B. A., St. John's 
College, Cambridge. Macmillan & Co. 
Pp. 244. Price, $2.00. 

As the sciences come to be more and 
more studied, directly and practically, there 
arises the necessity for books of special 
guidance in laboratory-work. In chemistry, 
treatises upon manipulation are as old as 
the science, and in recent years various 
works have been published, instructing the 
student in physical manipulations. The 
same necessity is now beginning to be felt 
in physiological study, and Prof. Foster's 
little hand-book now appears to supply this 
want for English-speaking students. The 
book has grown out of Dr. Foste/^'s prac- 
tice as a teacher. When in University 
College, London, he was in the habit of dis- 
tributing among his students a syllabus to 
guide them in their work. This became 
extended, by the introduction of details, into 
a practical course, which is now published 
for general use wherever physiology is pur- 
sued, experimentally, or by the observation 
aod verification of its facts. 



Dr. Foster recognizes that the intro- 
duction of the microscope has given a direc- 
tion to manipulative activity that is not al- 
together favorable to broad physiological 
study. The importHnce of histology is not 
questioned, but the tendency has been to 
pursue it separately, and to a certain extent 
to accept it as a substitute for physiological 
work on a large scale. Dr. Foster thinks 
that microscopical investigation can only 
be best pursued in combination with a full 
scheme of physiological work. He says: 
*^ Histological work, unless it be salted with 
the salt, either of physiological or of mor- 
phological ideas, is apt to degenerate into a 
learned trifling of the very worst descrip- 
tion ; and students are generally only too 
ready to spend far too much of their time 
in the fascinating drudgery of cutting sec^ 
tions and mounting stained specimens." 
And again : ** The student who has mounted 
an exquisitely and beautifully stained sec- 
tion is only just so much the worse for his 
pains (as far as physiology is concerned) if 
he docs not understand what the section 
means. Hence, when the features of some 
of the fundamental tissues and the general 
working of the more important mechanisms 
have been reaUy learned, and the student 
has got, by doing things for himself, to 
know the value of a physiological experi- 
ment, and the pitfalls that are hidden under 
carmine and Canada balsam, he may be 
safely trusted to fill in the details of his 
study by means of reference to mounted 
specimens and to mere demonstrations, or 
even to descriptions of experiments." 

Though the work is elementary, and is 
designed to be introductory to the author's 
" Hand-book for the Physiological Labora- 
tory," it is, nevertheless, comprehensive, and 
covers the ground that should be passed 
over practicaUy by every well-educated med- 
ical man. When our medical institutions 
provide better for this form of study, we can 
trust ourselves more safely in the hands of 
their graduates. 

The Religion of Evolution. By M. J. 
Savage, Author of "Christianity the 
Science of Manhood." Boston: Lock- 
wood. Brooks & Co. Pp. 263. Price, 
$1.50. 

The multiplication of works on the re. 
ligious bearings of Evolution, against it and 
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for it, attests the strong interest that is taken 
in this aspect of the doctrine, and, as interest 
is ever the first condition of active inquiry, 
this deep concern about the religious im- 
port of the theory is of great advantage, no 
matter what the basis may be. Probably 
nine-tenths of the opposition to the doc- 
trine is theological in its inspiration and its 
form, there being no end to the books which 
have been issued during the last dozen years 
to prove that it is anti-religious and athe- 
istic. But the discussion has already led 
to a reaction, or to a modification of ex- 
treme views ; that is, it is admitted, even by 
those who rank themselves as opponents of 
the doctrine, that it is not neeesaarili^ either 
atheistic or irreligious. Cut these assaults 
upon Evolution have, moreover, called out 
defenses of it on the part of the religious, 
which have not only been useful in concen- 
trating attention upon the subject, but have 
been very valuable in their liberalizing in- 
fluence, and the light they have thrown 
upon the problem of religion itsel£ 

To those who care for the religious as- 
pects of the question, whether as involving 
the religious sentiments to which the doc- 
trine is claimed to be favorable, or the influ- 
ence it is exerting upon theological belief, 
the present work may be decisively com- 
mended. Its author is a liberal Unitarian 
clergyman, who took up the subject in a 
series of Sunday discourses, which were sub- 
sequently revised for publication in their 
present form. His treatment of the subject, 
which is entirely in its theological relations, 
is able and independent, and is presented 
in a clear, spirited, and eminently readable 
style. He aims to show that Evolution is 
not destructive of the religious sentiment ; 
that it favors the most exalted conception 
of God ; that it brings Nature into harmony 
with elevated religious feeling, and must be 
of great service to humanity in sweeping 
away many superstitions that have grown 
up in times of ignorance and become asso- 
ciated and deeply involved with religious 
emotions. Mr. Savage is at no pains to 
conceal the fact that he is not orthodox, 
and avails himself of many opportunities to 
hit his theological opponents, but he can 
hardly be expected to start new fashions 
in the pulpit, and the opportunity of posi- 
tion in the argument is too tempting to be 
resisted. There are numerous passages in 



this volume that we should be glad to quote, 
as where he treats of the practical charae 
ter of the discussion, the immense influ 
ence on the thought of Christendom of the 
Mosaic cosmogony, and his chapter on 'the 
"Evolution of Conscience," but our space 
will not allow of quotations. We must re- 
fer the reader to the volume, which he will 
find fresli, piquant, and instructive. 

Public Libraries in the United States 
OF America : Their History, Condition, 
and Management. Special Report. De- 
partment of the Interior : Bureau of Ed- 
ucation. Part I. Washington: Crov- 
emment Printing-Office. Pp. 1187. 

This huge volume, which is the expo- 
nent of the public reading in this country, 
is an extensive cyclopaedia on the subject 
of libraries. The statistics which have 
been published annually by the United 
States Commissioner of Education have 
been too limited to satisfy an inquisitive 
public, which wanted to know everything 
relating to books, from the arrangements 
necessary for organization to the best man- 
ner of preventing the volumes from being 
soiled. 

This centennial offering will give much 
gratifying information to the true Ameri- 
can, showing him that a great advancement 
has been made in the intellectual as well as 
in the material resources of the country. 
Thus, in 1776, there were twenty-nine pub- 
lic libraries in the colonies, containing 
46,623 volumes. Now there are reported 
to be 3,682 libraries, numbering from 12,- 
000,000 to 15,000,000 volumes, includmg 
pamphlets. Started in coi\nection with the 
district-schools in New York and Massa- 
chusetts, free public libraries in some form 
have been established in the majority of 
the States of the Union ; and it is believed 
that in no other country do so many libra- 
ries publish catalogues and reports. 

The teport is occupied with giving, first, 
the history of public libraries in the United 
States ; second, their present condition and 
extent ; third, a discussion of the various 
questions pertaining to library economy and 
management; fourth, extended statistical 
information of all classes of public libraries 
Subjects comparatively new are introduced^ 
such, for example, as the advisability of 
establishing professorships of books and 
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reading in connection with college libraries ; 
or the beneficial results that would be pro- 
duced by the employment of art-museums 
in free public libraries. The report has 
been well managed and is well arranged. 
The literature is especially good, as the great- 
er part of the writing has been done by the 
yarlous librarians throughout the country. 

The Theory of Color in its Relation to 
Art and Art-Industry. By Dr. Wilhelm 
TON Bezold, Professor of Physics at the 
Boyal Polytechnic School of Munich, 
and Member of the Royal Bavarian 
Academy of Sciences. Translated from 
the German by S. R. Eoehler, with an 
Introductory Sketch by Edward C. 
Pickering. Illustrated by Chromolitho- 
graphic Plates and Woodcuts. Price, 
15. 

The advantages of this work over oth- 
ers of a similar nature are derived from 
the fact that recognition is made of the 
recent progress in physiological optics. In 
the first part of the Tolume the theory of 
color is placed upon its proper basis in re- 
lation to science, showing the aid which 
the latter gives in the perception of colors, 
their system, and the law of mixtures. One 
of the leading features claimed for the book 
is its purpose to serve as a guide to the 
pictorial and decorative artist, giving him 
hints in regard to the color of leaves, of the 
sky, and of water ; the use of Claude glasses ; 
the efieotiveness of small differences ; the 
laws regulating the combination of colors, 
etc. 

While the signature of the author is a 
good recommendation for the book, the 
names of Prof. Pickering and Mr. Eoehler 
will greatly assist in the extension of its in- 
fluence. 



Chsmia Coartata; or, The Key to Mod- 
ern Chemistry. By A. H. Kollmeyer, 
A. M., M. D., Professor of Materia Med- 
ica and Therapeutics at the University 
of Bishop's College ; Professor of Mate- 
ria Medica and Pharmacy at the Mon- 
treal College of Pharmacy; and Late 
Professor of Chemistry, etc. Philadel- 
phia: Lindsay & Blakiston. Pp. 111. 
Price, $2.25. 

The author has prepared this work " in 
the hope that it will prove useful to all 
who, from business occupation of from any 
other circumstance, may not have sufficient 



time at their disposal to consult the more 
voluminous works " which have been writ- 
ten. With the exception of brief intro- 
ductory remarks to the different subjects, 
the book is composed of tables. The work 
is valuable merely from the convenience 
of referring to it, but could not be recom- 
mended to those who are beginning the study 
of chemistry, as there are many simpler and 
more comprehensive treatises on the subject. 

Notes on Building Construcjtion. Ar- 
ranged to meet the Requirements of the 
Syllabus of the Science and Art Depart- 
ment of the Committee of Council on 
Education, South Kensington. Part II. 
Commencement of Second Stage or Ad- 
vanced Course. London, Oxford, and 
Cambridge: Rivingtons. 

This second part is in no respect infe- 
rior to the first, and the interesting manner 
in which difficult subjects are discussed 
tends to fulfill the prediction that the differ- 
ent parts,, when united, would make up a 
" body of principles on the subject of great 
value to practical men.'' Some of the sub- 
jects which appeared in the first part are 
here treated more minutely, and others of 
a more involved nature are introduced. 
Among the latter are " Centres," " Stairs," 
"Riveting," "Fireproof-Floors," "Paint- 
ing," " Paper-hanging," and " Glazing." A 
third part is to follow soon, completing the 
work. 

Twenty -first Annual Report of the 
Board of Directors of the St. Louis 
Public Schools, for the Year ending 
August 1, 1876. 

From this report it appears that the 
number of pupils in the day-schools during 
1874-' 75* was 35,941 ; in the evening- 
schools, 5,751 — ^showing a large increase in 
the latter. Of the day-school teachers, the 
males form but ten per cent. No discrimi- 
nation is made in the salaries in favor of 
male teachers, and a competent woman, in 
the position of " supervising principal " ob- 
tains a salary of $2,200 per annum. The 
salaries distributed in the year reported 
amounted to $581,850. All departments 
of the public-school system are said to be 
in the most flourishing condition. In con- 
nection with the schools there is a public 
library which gives gratifying results of its 
usefulness. 
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Prehistoric Remains at Cincinnati. 
Robert Clarke. 



By 



This is yaluable as a memorandum of 
the prehistoric remaioB found on the site of 
the city of Cincinnati, which hare already 
been obliterated, or are fast becoming so, 
by the extension of the city. It shows 
careful research. The main object of the 
pamphlet, however, is the vindication of 
the claims to importance of the ** Cin- 
cinnati tablet" (engravings of which are 
given) found in a mound on Fifth Street, 
in 1841, by Mr. £. Gest. One face is 
sculptured, in low.relief, with hieroglyph, 
ics, which, from their singular resemblance 
to Egyptian carviDgs, excited much atten- 
tion. It was accepted as genuine for thirty 
years, when doubt was thrown upon it by 
several writers, and since then it has been 
by many considered as a fraud. Mr. Clarke 
now brings forward a mass of direct evi- 
dence to show its genuine character as a 
true relic of the mound-builders, which it 
would seem hard to contradict; and adds 
that many who for a time believed the tabto> 
let an imposture are now convinced of its 
genuineuess. No explanation of its signifi- 
cance or use, however, is attempted, except 
incidentally. Archaaologists will be glad to 
read this paper. 

The Greenstones of New Hampshire, and 
their Organic Remains. By George W. 
Hawes. 

This is reprinted with a colored plate 
from the American Journal of Science and 
Arts, The greenstones referred to cover 
the upper end of the Connecticut Valley, 
and belong to the Huronian age, but the 
author considers them to have bee^ formed 
from fine sedimentary deposits accumulated 
in still waters ; that the metamorphic action 
under which they were consolidated was 
quiet or gentle in degree, far different from 
that which in the adjoining regions formed 
mountain-masses of granite aud gneiss, and 
hence that their special location, in connec- 
tion with the nature of the sediments, has 
determined the characters of the greenstone 
series. In certain of these rocks silicated 
remains of rhizopods and foraminifers are 
found, and Mr. Uawes figures some as seen 
under the microscope, with their natural 
colors. The pamphlet is an instructive one 
to geologists and mineralogists. 



Filth - Diseases and their Prevention. 
By John Simon, M. D., F. R. C. S., Chief 
Medical Officer of the Privy Council, and 
of the Local Groveruident Board of Great 
Britain. Printed under the Direction of 
the State Board of Health of Massachu- 
setts. Boston: James Campbell Pp. 
96. Price, $1. 

This book is well recommended by the 
Board of Health of Massachusetts, as it be- 
lieves that, **if the practical suggestions 
made in it were acted on by all citizens, 
hundreds of lives now annually doomed to 
destruction would be saved, and the health 
and comfort of the people greatly increased." 
The work was originally published in Eng- 
land as a preface to a volume of excellent 
reports made by Government inspectors. 
The author first traces the characteristic 
diseases due to filth, such as diarrhoda, ty- 
phoid fever, cholera, etc. ; next, the vari- 
ous forms under which filth operates ; and, 
finally, the means to be taken to do away 
with its effects. He also discusses at some 
length the different closet^ystems. 

Fifty Years of my Life. By George 
Thomas, Earl of Albemarle. New 
York: Holt & Co. Pp. 420. Price, 
$2.50. 

The Earl of Albemarle was bom in the 
last year of the last century, and his recol- 
lections cover much interesting historical 
ground. The position of his fanuly brought 
him in contact with royalty from his early 
youth, and many illustrious persons, civil 
and military, figure in these pages. The 
narrative is written in a gossipy and con- 
tented manner, characteristic of a man who 
has lived a long and enjoyable life. 

Seventh Annual Report of the State 
Board of Health of Massachusetts. 

This report is the careful compilation 
of an able committee, and the popularity 
which it has obtained is justly deserved. 
The authors emphasize the fact that *' it is 
expedient to keep practical questions of 
sanitary law and work constantly before 
the people;" and they have accordingly 
presented the matter very forcibly. Such 
subjects as " Rivers Pollution '' and '* The 
Disposal of Sewage ** are treated in their 
relations to disease. Aside from its local 
worth, the report is valuable on account of 
the general principles discussed. 
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The Davenport (Iowa) Academy of Sci- 
ences has sent us its first volume of ^^ Pro- 
ceedings," forming a neatlj-printed book 
of 286 pages and 36 plates. Besides the 
records of meetings, catalogues of cabinet, 
etc., a large number of papers are included, 
which, although local in their nature, are 
yet of much general interest. Davenport is 
Ro situated as to afford many advantages to 
the student of Nature. The underlying 
limestone abounds in fossils of the Hamil- 
ton and Upper Helderberg groups ; the riv- 
ers and ponds produce a remarkably fine 
development of molluscan life ; while the 
close proximity of the prairies to the wood- 
ed bottom-lands affords a rich field for the 
botanist and the entomologist. This region 
"was once the residence of a prehistoric 
people, who have left many obscure traces 
behind them, furnishing an abundance of 
material for the archaeologist to ponder 
over. Among the essays are several re- 
ports of explorations of mounds at Albany, 
Illinois, and in the vicinity of Davenport, 
by Dr. R. J. Farquharson, and other archae- 
ological papers by C. Lindley, A. S. Tiffany, 
and J. D. Putnam; geological papers by 
W. H. Pratt ; botanical matter by Dr. C. C. 
Parry, J. G. Uaupt, and J. J. Nagel ; lists 
of insects of Iowa and Utah, by J. D. Put- 
nam ; and studies upon land and fi'esh-wa- 
ter shells, by W. H. Pratt. This first vol- 
ume is very creditable to the young Acad- 
emy, and it is to be hoped a second similar 
publication may soon follow. We observe, 
by-the-way, that it is published "for the 
Academy by the Women's Centennial Asso- 
ciation," and suggest that this would be 
an excellent way for our many societies of 
zealous women to spend their money in 
other cities than Davenport. 

An Elementary Hand-book of Theoreti- 
cal Mechanics, with One Hundred and 
Forty-five Diagrams. Pp. 146. Price 75 
cents. — An Elementary Hand-book of 
Applied Mechanics, with ' Eighty-eight 
Diagrams. By William Rossiter, F. 
R. A. S., F. C. S., F. R. G. S. Kew York : 
Putnams. 

These two volumes form a mean be- 
tween the commonly-received elementary 
treatises on the subject and the more ad- 
vanced works. While they arc simple 
enough for easy comprehension, they con- 
tain many of the data necessary for an ad- 
vanced student 



I Henry Holt & Co. are just putting to 
press, in hope of having it ready by the end 
of the year, a " Classical Literature " by C. 
A. White, whose "Mythology" has been 
received with much favor. The book will 
contain biographical and critical notices of 
the leading writers in Sanskrit, Greek, and 
Latin, with specimens of their works, and 
some account of the relations of the lan- 
guages. 



PUBLICATIONS EECEIYED., 

The Germ-Theory of Disease. By J. 
Maclagan, M. D. Pp. 266. Loudon : Mac- 
millan. 

The Functions of the Brain. By D. 
Ferrier, M. D. Pp. 838. New York : Put- 
nams. Price, J3.50. 

The Carlyle Anthology. Selected by E. 
Barrett. Pp. 396. New York: HoH & 
Co. Price, $2. 

David and Anna Matson. By Abigail 
Scott Duniway. Pp. 194. With Illustra- 
tions. New York*: S. R. Wells & Co. 
Price, $2. 

Octavius B. Frothingham and the New 
Faith. By E. C. Stedman. , Pp. 50. New 
York : Putnams. Price, 76 cents. 

An Alphabet in Finance. By Graham 
McAdam. Pp. 230. ^ Same publishers. 
Price, $1.26. 

Modem Physical Fatalism. By T. R. 
Birks. Pp. 811. London: Macmillan. 
Price, $2.26. 

Geographical Surveys west of the One 
Hundredth Meridian (Wheeler). IIL Pp. 
681. With Plates. Washington: Govern- 
ment Printing-Office. 

Chemistry Theoretical and Practical. 
Parts X. to XIV. Philadelphia : Lippin- 
cott & Co. Price, 60 cents each. . 

Proceedings of the Poughkeepsie Soci- 
ety of Natural Sciences. Vol. I., Part I., 
Pp. 160, 

Prometheus, Weekly Magazine. Vol. 
L, No. 1. Pp. 28. New York : Charies 
P. Somerby. Price, $3 per year. 

Proceedings of the American Chemical 
Society. Vol. L, No. 1. Pp. 80. New 
York : Trow & Co., printers. 
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Valedictory Address at the Indianapolis 
College of Medicine. By E. D. Force, M. D. 
Pp. 19. Indianapolis : Journal print. 

Report of the New York Meteorological 
Observatory. By D. Draper. Pp. 48. 
New York : Evening Pott print. 

Report of the Commissioner of Agricult- 
ure. Pp. 19. Washington: Government 
Printing-office. 

Pidd and Forest Monthly. Vol. II., 
No. 5. Pp.8. With Plate. Washington: 
The Columbia Press. 

Mayer's Ontogeny and Phylogeny of In- 
sects. AUo, A Century's Progress in 
American Zoology. By A. S. Packard, Jr. 
Pp. 4 and 8. 

Immediate Preparation and Early Re- 
sumption. By R. T. Paine, Jr. Pp. 81. 
Boston : A. Williams & Co. 

A System of Marine Signals. By S. P. 
Griffin. Pp. 13. New York : Van Nos- 
trand. 

Appalaehia. Organ of the Appalachian 
Mountain Club. Pp. '62. With Maps. 
Boston : A. Williams & Co. 

Education and Progress : an Address 
by General T. M. Logan, of Virginia. Pp. 16. 

Relations of Physical Health to Moral- 
ity and Religion. By Rev. G. W. Cooke. 
From the Iferald of Health, Pp. 8. 

Death-Rate of each Sex in Michigan. 
By H. B. Baker, M. D. Pp. 16. Cam- 
bridge, Mass. : Riverside Press. 



POPULAR MISCELLANY. 

Deep-Sea Bottom Deposits.— The deep- 
sea bottom deposits found by the Challenger 
expedition are classified as follows by Mr. 
Murray, naturalist on the scientific staff: 

1. Shore-deposits, and these are mud of 
a variety of colors, as blue, gray, green, red, 
also coral-roud and sands; 2. Globigerina 
ooze ; 3. Radiolarian ooze ; 4. Diatomaceous 
ooze; 5. Red and gray clays. To these 
may be added peroxide of manganese in 
nodules and grains widely diffused. 

The character of the sea-bottom contig- 
uous to the shores is determined largely by 
that of the adjacent lands. Thus coral- 



mud occurs in the vicinity of coral-islands, 
and volcanic products near volcanic dis- 
tricts. 

This general feature of the coast ex- 
tends in some cases 150 miles seaward ; an 
exception was found, however, among the 
coral-islands of the Pacific, where the coral- 
mud occurs as a narrow. band around the 
islands. 

Globigerina ooze is the most abundant 
deep-sea deposit next to the clays. It does 
not occur in the inclosed seas in the Pacific 
north of latitude 10° north, nor south of 
latitude 50° south. 

Radiolarians occur in most seas, but 
only in limited areas are they sufficiently 
abundant to give a distinctive character to 
the ooze. In the Antarctic Ocean a diatom 
ooze is found, and radiolarian ooze was 
brought up from the great depth of 4,475 
fathoms — nearly four and three-quarter 
miles. The skeletons of these minute or- 
ganisms are siliceous. 

The red clay is the most abundant de- 
posit, and below depths of 2,000 fathoms is 
very widely diffused. The skeletons of si- 
liceous organisms are abundant in it, but 
calcareous shells are few, and in some speci- 
mens wholly wanting. The author seems 
to refer the origin of the red and gray 
clays to lavas, scorue, pumice, Yolcanic 
ashes, and possibly meteoric or cosmic 
dust ; and adds, ^* If there be an ash after 
the carbonate of lime is removed by aoid 
or other agent, this will be another source.'' 
But Prof. Wyville Thomson distinctly states 
that the red clay is essentially the insoluble 
ash or residue of calcareous organisms 
which form the globigerina ooze, after the 
calcareous matter has been removed ; and 
this conclusion is confirmed by the very 
careful experiments made by Mr. Buchanan, 
who treated the ooze with dilute acids. 

The author states that efforts to detect 
free protoplasm in the dredgings was at- 
tended by no definite result. Some speci- 
mens, however, assumed a jelly-like aspect, 
with flocculent matter when in spirits. 
This flocculent matter was found by Mr. 
Buchanan to be ** sulphate of lime precipi- 
tated from sea-water, and the author in- 
fers that the so-called ' Bathybius ' and the 
amorphous sulphate of lime are identical" 
In this connection he quotes a report on 
the subject by Mr. Buohanan which states 
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that *Hhe substance when analyzed consist- 
ed of sulphuric acid and lime, and, when 
dissolved in water and the solution allowed 
to evaporate, it crystallized in the well- 
known form of gypsum ; the crystals being 
all alike, there being no amorphous matter 
among them." Mr. Murray's conclusion is 
that in *' placing Bathybius among living 
things the deseribers of it committed an 
error." 

Eceentrielty Ih Weed-Growth.— Mr. T. 

S. Gold writes as follows, in the Gardener^s 
Monthly^ concerning the unequal deposi- 
tion of wood in growing trees but partially 
exposed to the action of the wind : " A choke- 
cherry sprang from seed in front of my pi- 
azza, close to it, and could only be moved 
by the winds laterally. The section of the 
trunk was elliptical, the longer diameter 
being nearly double the shorter. Since the 
tree has grown above the roof of the piazza 
the trunk is becoming less elliptical. A 
young plum-tree standing close by the side 
of an out-building was killed by mice, and 
the sprouts were allowed to grow. These 
were all elliptical like the cherry, and made 
most wood on the two sides. It appeared 
to me that the trees made wood where it 
was most needed, on the sides where the 
strain of the wind came. Sometimes the 
eccentricity is produced by large branches 
or large roots on one side of the stem, and 
in other cases these seem to have little in- 
fluence." This accords with the view of 
Mr. Herbert Spencer, who, in the appendix 
to his second volume of "Biology," gives 
the history of an interesting course of ex- 
periments " On Circulation and the Forma- 
tion of Wood in Plants." 

Notes on the British Arctic Expedition. 

— Of the two ships constituting the British 
Polar Expedition, the Discovery, Captain 
Stephenson, wintered at Cape Baird, lati- 
tude 81° 40' ; and the Alert, Captain Nares, 
at Cape Union, latitude 82" 30'. The site 
of the supposed " Open Polar Sea " was 
found to be occupied by a rigid sea of ice, 
called the Paleocrystic Sea, or Sea of An- 
cient Ice. The thickness of this ice is 
enormous, varying from 80 to 120 feet. 
This Paleocrystic Sea is no doubt the accu- 
, mulation of many years, or even of centu- 
ries. The lowest temperature experienced 



by the expedition was 104" Fahr. below 
freezing, which is 20° below the minimum 
observed by the Polaris Expedition. The 
sun was absent 142 days. A sled-party 
from the Alert planted the British flag in 
latitude 83° 20' 26' ; but, as they had to hew 
a track through the exceedingly rough sur- 
face of this frozen sea, seventy-two days 
were spent in accomplishing the journey. 
Another party explored the coast-hne west- 
ward for a distance of 220 miles. Tl^e 
most northerly point of the coast of Grant 
Land was found by this party to be Cape 
Columbia — ^latitude 83° 7', west longitude 
70° 30'. The Greenland coast was explored 
by a party from the Discovery, and its most 
northerly point found to be in latitude 82° 
60', west longitude 43° 80' ; thence the coast 
trends in a southeastern direction. A good 
seam of coal was discovered neaf the win- 
ter-quarters of the Discovery. A brass tab- 
let with the following appropriate inscrip- 
tion was fixed on the grave of the gallant 
American explorer. Captain Charles Francis 
Hall : " Sacred to the memory of Captain 
C. F. Hall, of the U. S. ship Polaris, who 
sacrificed his life in the advancement of 
science on November 8, 1871. This tablet 
has been erected by the British Polar Ex- 
pedition of 1876, who, following in his foot- 
steps, have profited by his experience." 

Sexn&l Selecticn among the Monkeys. — 

Mr. Darwin, in his " Descent of Man," holds 
that the brilliant coloring of the face in the 
male mandrill, and of the posterior callosi- 
ties in that and sundry other species of 
monkeys, is the result of sexual selection. 
He now, in a communication to Natures 
brings forward some new observations on 
this subject made by Joh. von Fischer, of 
Gotha. Von Fischer finds that ,not only the 
mandrill, but the drill and three other kinds 
of baboons, which he names, also Cynopitke- 
CU8 niger^ Macacits rhesus, and M. nemcs- 
irinus turn the hind-parts of their bodies, 
which in all these species is more or less 
highly colored, toward him when they are 
pleased, and toward other persons as a kind 
of greeting. Many other facts of a like 
nature are mentioned by Mr. Darwin, and 
then he expresses the opinion that "the 
bright colors, whether on the face or hinder 
end, or, as in the mandrill, on both, serve 
as a sexual ornament and attraction. Any- 
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how," he. continues) " as we now know that 
monkeys have the habit of turning their 
hinder ends toward other monkeys, it ceases 
to be at all surprising that it should have 
been this part of their bodies that has been 
more or less decorated. The fact that it is 
only the monkeys thus characterized which, 
as far as at present known, act in this man- 
ner as a greeting toward other monkeys, 
renders it doubtful whether the habit was 
firsi acquired from some independent cause, 
and that afterward the parts in question 
were colored as a sexual ornament; or 
whether the coloring and habit of turning 
round were first acquired through variation 
and sexual selection, and that afterward the 
habit was retained as a sign of pleasure or 
as a greeting, through the principle of in- 
herited association.'^ 

The Transmission of Habit. — A corre- 
spondent of Nature^ resident in New Zea- 
land, communicates to that journal several 
instances of the transmission of habits to 
offspring in animals. OujC instance is that 
of a mare which would wander away from 
the " mob " of horses to which she belonged 
— always seeking one particular creek. 
When released from work she would make 
off to her favorite feeding-ground by her- 
self. One of her progeny some years after 
showed a similar liking for solitude. Again, 
a valuable mare was ai^ incorrigible kicker ; 
she transmitted her special vice to her off- 
spring. Peculiarity in the form of the hoof 
has been transmitted to generation after 
generation. The same writer states that a 
particular strain of Dorking fowls which he 
has had in his possession for thirty years 
always show a restless desire for rambling, 
and this, too, under the difficulty of meeting 
with much persecution when straying be- 
yond their range. 

Efforts to stop the Locnst-Plagne.— In 
October a convention of the Governors of 
several Western States and Territories was 
held at Omaha, to devise means of with- 
standing the plague of locusts. Besides 
the Governors, there were present at the 
meeting a number of prominent farmers and 
scientific men. A memorial to Congress 
was adopted, setting forth the serious in- 
jury done to agriculture by the locust, and 



asking for the appointment of a commission 
to investigate the ** history and haunts of 
this insect ; also all possible means of its 
extermination, and remedial agencies which 
may be used against it." Prof. Riley, of 
St. Louis, delivered an address, in which he 
briefly narrated the habits and history of 
the Rocky Mountain locust. He considered 
that there were two main questions before 
the conference : 1. How best to deal with 
the young insects that threaten to hatch out 
over a vast extent of the country next spring; 
and, 2. The investigation of the insect in its 
native home, with a view of preventing \\a 
migrations into the country to the south- 
east. Prof. 0. D. Wilber, of Nebraska, 
gave an account of the various means adopt- 
ed in different parts of the West to counter- 
act this plague. Governor -Pillsbury,, of 
Minnesota, gave a histoiy of locust-ravages 
in various countries. Governor Pennington, 
of Dakota, offered a series of resolutions 
" respectfully but earnestly urging that all 
our people in the States and Territories 
afflicted by the locust-plague, of all denomi- 
nations and sects, offer up special prayers 
in their respective churches for deliverance 
from this great enemy." 

Insect Fertilization of Plants.— For a 

year Mr. Thomas Meehan has been making 
observations and experiments to deteimine 
whether insects are of material aid to plants 
in fertilization. His results, which are pub- 
lished in the Penn Monthly^ appear to favor 
a decision of the question in the negative. 
That insects sometimes fertilize and cross- 
fertilize flowers, he admits, but he holds that 
these cases are less frequent than they are 
supposed to be, and that, when they do oc- 
cur, they have no bearing on the general 
welfare of the race. The chief arguments 
for the necessity of insect fertilization, says 
Mr. Meehan, are drawn from structure and 
not from facts of observation. Thus it i8 
stated that Iria^ Campanula, dandelion, ox- 
eye daisy, garden pea, Lohdia, clover, 
and many other plants, are so arranged 
that they cannot fertilize themselves with- 
out insect aid. But the author has inclosed 
flowers of all of these in fine gauze bags, 
and found that they produced seeds as well 
as other flowers that were exposed. And yet 
Iris Virginica and Campanula are conmion 
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illustrations of the supposed necessity of 
insect fertilization. In one plant experi- 
mented with in this way {Baptisia\ seeds 
were not formed. This plant, in the author's 
opinion, may possibly require insect agency 
for its fertilization. He does not deny that 
flowers are sometimes fertilized by the aid 
of insects ; but he does not admit that this 
mode of fertilization is very common. His 
conclusions may be stated as follows: 1. 
That cross-fertilization by insect agency 
does not exist nearly to the extent claimed 
for it ; 2. That, where it does exist, there is 
no evidence that it is of any material bene- 
fit to the race, but contrariwise ; 8. That 
difficulties in self-fertilization result from 
physiological disturbances that have no 
relation to the general welfare of plants as 
species. 

Proposed Interoational Geological Con- 
gress. — A committee appointed by the 
American Association had issued a circular 
addressed to geologists, announcing the 
proposed convocation of an International 
Geological Congress, to be held at Paris 
some time during the Exposition of 1818. 
It is proposed to make the Congress an 
occasion for considering many disputed 
points in geology, and to this end it is de- 
sirable that the Geological Department of 
the Exhibition should embrace — 1. Collec- 
tions of crystalline rocks, both crystalline 
schists and massive or eruptive rocks, in- 
cluding the so-called contact - formations 
and the results of the local alteration of un- 
crystalline sediments by eruptive masses. 
In this connection are to be desired all ex- 
amples of organic remains found in crystal- 
line rocks, including Eozoou and related 
forms. These collections should, moreover, 
comprehend all rare and unusual rocks of 
special lithological, mineralogical, and chem- 
ical interest, examples of ore-deposits and 
of vein-stones of all kinds, with their in- 
casing rocks. As far as possible these col- 
lections should be limited to specimens of a 
size convenient for examination, and be ac- 
companied with sections prepared for mi- 
croscopic study. 

2. Collections, illustrating the fauna and 
the flora of the Palaeozoic and more recent 
periods, particularly of such horizons as pre- 
sent a more critical interest to paleontolo- 



gists from the first appearance or the dis- 
appearance of important groups of organic 
forms. It has appeared to the conmaittee 
that the organic remains of the Cambrian, 
Taconic, or so-called Primordial strata merit 
especial attention in this connection. 

These various collections should be ex- 
plained as fully as possible by labels, cata- 
logues, monographs, and maps. 

3. Collections of geological maps, and 
also of sections and models, especially such 
as serve to illustrate the laws of mountain- 
structure. In the geological maps, regard 
should be had to various questions which 
deserve the special consideration of the 
Congress, such as the scales best adapted 
for different purposies, the colors and sym- 
bols to be used, and the proper mode of 
representing superficial' deposits conjointly 
with the underlying formations. The sec- 
retary of the conmaittee is Dr. T. Sterry 
Hunt, of Boston. 

ComparatiTe Dietetic Yalne of Meat and 

Eggs* — A writer in the Scientific Farmer 
estimates the food-value of one pound of 
eggs as a producer of force, i. e., the amount 
of work the pound oxidized in the body is 
theoretically capable of producing, at 1,584 
foot-tons, and the value of one pound of 
lean beef, from the same point of view, at 
990 foot-tons. As a flesh-producer, one 
pound of eggs is about equal to one pound 
of beef, as is shown by the following analy- 
sis quoted by the author : 

ONE POUND OF BGG8. 

Water 12 oz., 86grs. 

Albumen 2 oz. 

Extractive '. 180 grs. 

Oil or fat 1 oz., 214 grs. 

Ash 28 grs. 

Will produce at the maximum 2 oz. of dry muscle 
or flesh. 

ONE rOXTSTD OF BEEF. 

Water 8 oz. 

Fibriue and albumen 1 oz., 122 grs. 

Gelatine 1 oz., 62 grs. 

Fat 4 oz., 840 grs. 

Mineral 850 grs. 

The author hereupon remarks as fol- 
lows : 

" A hen may be calculated to consume 1 
bushel of corn yearly, and to lay 12 dozen or 
18 pounds of eggs. This is equivalent to 
saying that 8.1 pounds of corn will produce, 
when fed to this hen, 1 pound of eggs. A 
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pound of pork, on the contrary, requires 
about .5f pounds of com for its production. 
When eggs are 24 cents a dozen, and pork 
is 10 cents a pound, we have the bushel of 
corn fed producing $2.88 worth of eggs, and 
but $1.05 worth of pork. 

** Judging from these facts, eggs must be 
economical in their production and in their 
eating, and especially fitted for the laboring- 
man in replacing meat." 

Qnilifleati^BS •f Medical Stadents.— At 

the opening of the medical session of Glas- 
gow University, last week. Prof. McCall An- 
derson said few could doubt that a prelimi- 
nary examination of candidates for admis- 
sion to the classes was called for, but if 
proof were required it might be found in 
the answers given to the following questions 
submitted to candidates by one of the ex- 
amining boards : " What is meant by the an- 
tiquity of man ? " Answer : " The wicked- 
ness of man." " The Letters of Junius? " 
" Letters written in the month of June." 
" The Crusades ? " "A war against the Ro- 
man Catholics during the last century." 
" The first meridian ? " " The first hour of 
the day." "To speak ironically?" "To 
speak about iron." "A Gordian knot?" 
"The arms of the Gordon family." "The 
Star-chamber?" "Place for viewing the 
stars." " To sit on the woolsack ? " " To 
be seated on a sack of wool." "A sole- 
cism ? " "A book on the sun." " The year 
of jubilee?" "Leap-year." They could, 
the professor added, have appreciated this 
last answer all the more heartily had it em- 
anated from one of the female medical stu- 
dents. It is, however, only just on women 
to admit that they are, as a rule, serious in 
their studies, and are not in the habit of 
joking examiners. There is, indeed, an 
eamestne3§ of purpose in their efforts to 
compete with man which entitles them to 
respect, and even imitation.— Pa// Mall Qa- 
zette. 

The Straggle for Existence.— Prof. Al- 
fred Newton, in his address to the Biologi- 
cal Section of the British Association, de- 
scribed as follows the effects consequent 
upon the introduction by man of foreign 
species of animals into newly-discovered 
regions : " Set face to face with unlooked- 



for invaders, and forced into a contest with 
them from which there is no retreat, it is 
not in the least surprising that the natives 
should succumb. They have hitherto only 
had to struggle for existence with creatures 
of a like organization ; and the issue of the 
conflict which has been going on for ages is 
that, adapted to the conditions under which 
they find themselves, they maintain their 
footing on grounds of equality among one 
another, and so for centuHes they may have 
*kept the noiseless tenor of their way.' 
Suddenly man interferes, and lets loose up- 
on them an entirely new race of animals, 
which act and react in a thousand different 
fashions on their circumstances. It is not 
necessary that the new-comers should be 
predacious ; they may be so far void of of- 
fense as to abstain from assaulting the 
aboriginal population ; but they occupy the 
same haunts and consume the same food. 
The fruits, the herbage, and the other sup- 
plies that sufficed to support the ancient 
fauna, now have to furnish forage for the in- 
vaders as well. The new-comers are creatures 
whose organization has been prepared by 
and for combat throughout generations in- 
numerable. Then: ancestors have been ele- 
vated in the scale of being by the discipline 
of strife. Their descendants inherit the 
developed qualities that enabled those an- 
cestors to win a hard-fought existence when 
the animals around them were no higher m 
grade than those among which the descend- 
ants are now thrown. The struggle is like 
one between an army of veterans and a 
population unused to warfare." 

EcoBamy in the Tse of Steam. — A series 
of experiments has been made, as we learn 
from Irouy upon the 80-horse-power engine 
at Portsmouth dock-yard, for the purpose of 
testing the value of a process, the invention 
of Mr. Marchant, of London, whereby steam, 
after having done its work in the cylinder, 
is pumped back into the boiler, to be re- 
utilized for steam-power. , The advantage 
which the inventor claims for his invention 
is a considerable saving of fuel, because, 
inasmuch as it is economical to keep the 
boilers supplied with hot water from the 
condensers instead of cold water, it follows 
that to keep them supplied with steam di- 
rect from the cylinders must prove still 
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more economical of fuel. The experiments 
appear to have been successful. The en- 
gine one day was worked as an ordinary 
condensing engine, when it was found that 
the consumption was I^IVO pounds of coal 
in six hours, producing an indicated horse- 
power of 84.'74'7. The next day the en- 
gine was driven with Marchanf 8 steam- 
pumps connected with the low-pressure cyl- 
inder ; the consumption of coal was now 
1,158 pounds, while the indicated horse- 
power was 104.128. The ascertained work 
on the steam-pumps was six indicated horse- 
power. 

GatheriBg Rock-Crystals.— -Searchmg for 
rock-crystals is one of the recognized in- 
dustries of the Swiss Alps, and the men 
who follow this vocation are known as 
StrahUrs, The following notes upon the 
search for these crystals we take from the 
Moniteur Inthtstriel Beige : The outfit of a 
Strahler consists of a bar of iron four feet 
long and bent at one end, a shovel, a pick- 
axe, a hammer, a stout cord, and a leathern 
sack. Thus equipped, he goes out to his 
work in the morning. He nearly always 
goes alone, so as to have all he may find for 
himself. For hours and hours he creeps 
along the sides of the rock, on projections 
of a few inches, over yawning chasms. 
When he descries a vein of quartz, he 
strives to reach it, but oftentimes this is 
a matter of extreme peril, and involving 
much labor ; he must be very careful where 
he steps, and not seldom he must hew out 
a resting-place for his foot in the rock. 
Having reached the vein, he follows it and 
strikes it with his hammer. His practised 
ear tells him whether he has to deal with 
a " cavern," a " druse," a " pocket," or a 
" kiln," as the various kinds of cavities are 
called in which are found the crystals — 
whether attached to the walls or loose and 
mixed with sand. The most famous dis. 
covery ever made of monster crystals is of 
very recent date. Some hundred feet above 
the snow-line an apothecary of Bern saw a 
vein of quartz 60 feet long and from 4 to 
12 feet wide. On working the vein, four 
hundred-weight of crystals were taken out ; 
the larger masses were purchased for mu- 
seums, while the smajler pieces were sold 
to opticians. 



NOTES. 

The chemical laboratory for female stu- 
dents, in the new building adjoining the 
Massachusetts Technological Institute, has 
been thoroughly fitted up, and was occupied 
for the first time early in November. 

FrvB specimens of ground coflfee, chemi- 
cally examined by C. H. Eddy, of Michigan 
University, were found to be adulterated to 
the extent of from 22 to 89 per cent, with 
chiccory. One package, labeled ** Pure Mo- 
cha and Java," contained 23 per cent. ; 
"Pure Rio," 26 per cent. ; "Pure Java," 22 
per cent.; "Royal Java," 81 per cent; 
"Warranted pure government Java," 89 
per cent. Besides chiccory, these prepared 
coffees consisted chiefly of peas, oats, starch, 
carrots, etc. In three of the five specimens 
no caffeine could be discovered. 

White-lead, as a pigment, is chiefly 
valued for its '* body," and for the ease with 
which it is laid on ; but it produces lead- 
poisoning, and also tends to lose its white- 
ness. Zinc- white is not open to these ob- 
jections. Properly prepared, it has as good 
covering properties as white-lead, and the 
addition of magnesia in the manufacture 
makes it as easy to work ; besides, it has no 
injurious effects on the health of those ^he 
manufacture or use it. 

An extensive deposit of plumbago has 
been discovered in Longswamp Township, 
Berks CJounty, Pennsylvania. "The de- 
posit," says the American Manufacturer^ " is 
between seven and eight feet in depth, and 
the mineral is of the best quality. Similar 
deposits are supposed to exist elsewhere in 
the same region, and persons are now en- 
gaged in prospecting, but as yet no new dis- 
coveries have been made." 

The Library Table for November con- 
tains a good sketch of the life and works 
of Mr. Darwin, with portrait. A valuable 
feature of this periodical is its classified 
index to current periodical literature. 

The death is announced of the eminent 
French geologist, Charles Sainte-Claire De- 
ville, at the age of sixty-two years. He 
was a native of the island of St. Thomas, 
graduated from the Paris School of Mines, 
studied the geology of the Antilles, and 
published the results of his investigations 
in 1866. Later he was Professor of Geol- 
ogy in the College de France. For many 
years he devoted himself to the study of me- 
teorology, and to him in great measure is 
due the foundation of the Montsouris Me- 
teorological Observatory. 

No publications by professors or other 
attaches {quaere : officers, students, resident 
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graduates ?) of the Johns Hopkins Univer- 
sitj are permitted to be issued in the name 
of, or dated from, the university, without 
the consent of the professor to whose de- 
partment the subject-matter belongs, or, in 
defect of such professor, ol the head of the 
university. 

The EngirtMring and Mining Journal 
proposes to its readers the following prob- 
lem in proportion: If the, German Conti- 
nental 6as-Light Company is able to declare 
13 per cent, dividends on its capital of nearly 
$3,000,000, when paying fS.YS per ton for 
its coal, and charging $1.01 and $1.35 per 
thousand feet for its ] 6.9 candle-gas, what 
are the profits of the N^w York gas com- 
panies, which pay $6 per ton for their coal, 
and charge $2.50 per thousand feet for a 
poorer gas ? 

In the School of Anthropology lately 
opened under the auspices of the Paris Fac- 
ulty of Medicine, Prof. Paul Broca lectures 
on anatomical anthropology, H. F. Topinard 
on biological anthropology, M, Dally on 
ethnology, M. de Mortillet on prehistoric 
anthropology, an,d M. Hovelacque on lin- 
guistic anthropology. The course is open 
to the public. 

Seyeral members of the Paris Anthro- 
I)olo;;ical Society have promised each to 
write a will directing that his brain be sent 
to the society, for inspection and dissection. 
It is thought that, by procuring the thinking 
organ of persons whose habits and works 
are perfectly known, some light might be 
thrown on the laws of physicb-mental organ- 
ization. The scheme is ■ anathematized by 
the leading religious newspaper of France, 
the Uhivers. 

On and about pistons and journals which 
have been lubricated with animal and vege- 
table oils, lumps of dirty matter are found, 
consisting of iron oxide and fatty acids. 
Dr. Schondorff has found that the oil is de- 
composed by steam into glycerine and fatty 
acid, and that the latter attacks the iroU) 
causing enlargement of the cylinder. He 
therefore recommends the use of heavy min- 
eral oils as lubricators. 

An association has been formed and an 
estate purchased on the Sussex (England) 
coast, for building houses of a superior char- 
acter, and on the most approved principles, 
so as to secure all the advantages depicted 
by Dr. Richardson as belonging to his " Hy- 
geia," or City of Health. ' 

The great maritime canal connecting 
Amsterdam with the German Ocean was 
opened November 1st, with imposing cere- 
mony. The canal is sixteen miles in length, 
and has at the sea-end a harbor covering 
250 acres, which, however, is not quite com- 
pleted. 



It is stated in Zand and Water, as a fact 
beyond contradiction, that the choice Eng- 
lish breeds of cattle have for some years 
not only tended to diminish in size, but also 
in robustness of constitution. The milk- 
yielding qualities of English cattle, too, are 
declining, so that the importation of cheese 
and butter is increasing enormously. . This 
is strikingly the case with the Durhams, in 
which everything is sacrificed to form. In 
the finest strains of Durham cattle fecundity 
has been seiio'usly affected, and the milk- 
secretion has become next to nothing. 

The loss, in 1875, to Russia, from the 
ravages of wolves, amounted to aboi;it 16,- 
000,000 rubles. The number of cattle 
killed was 179,000; of sheep, etc., 562,900. 
In the government of Ealouga alone the 
wolves killed 8,200 geese and 2,000 dogs. 
The human lives destroyed by the wolves 
are estimated at 200 per year. 

At the fifth meeting of Russian natural- 
ists, held at Warsaw, September 12th, propo- 
sals were favorably received to establish a 
zoological station on the Solovetzky- Islands, 
and to request the aid of the Naval Depa^jt- 
ment for dredgings in the Black Sea. Messrs. 
Grimm and Bogdanoff informed the meeting 
that they had undertaken two publications, a 
popular periodical, Herald of Natural JSH- 
enccy and a periodical in French' or German, 
which would give to foreign readers brief 
notices of scientific work in Russia. 

A MINER at Nitshill, in Scotland, lately 
committed suicide by blowing himself up 
with dynamite. He procured a parcel of 
the explosive, went into the middle of the 
street, lighted the fuse, and leaned over the 
djmamite. The man was blown to atoms, 
and, on the spot where the dynamite had 
been laid, a hole was made about three feet 
deep by two and a half wide. 

A COMMISSION appointed by the Govern- 
ment of Prussia to ascertain sundry anthro- 
pological data, has reported that of 4,127,776 
pupils in schools, 42.97 per cetit. had blue 
eyes, and 24.31 per cent, brown; 72 per 
cent, had blond hair, 26 per cent, brown, 
and 1.21 per cent, black. With regard to 
the color of the skin, only 6.53 had brunette 
complexion. 

In a letter addressed to M. Dumas, of the 
Paris Academy of Sciences, M. Gachez as- 
serts that vines may be protected from the 
ravages of the Phylloxera by planting " red 
maize " between the rows. The insect quits 
the vine and attacks the roots of the maize. 

In 1849, out of every sixteen men, wom- 
en, and children, in England and Wales, 
one was a pauper maintained by the charity 
of the remaining fifteen. In 1852 one in 
twenty was a pauper, and in 1875 only one' 
in thirty. 



Digitized by 



Google 



Perfect Fitting to Xrerj Part of the Body. Alwayi Safe. Alwayi ready far Vatw 



THE VOLTAIC ARMADILLO. 



An Electra-Magnetic Remedy for Nervous Diseases. 

No Shock orVn- \^ 
pleaaarU Smtation 



♦«• 



Gmskmi BUdric 
Current^ HMng to 
tJU NervM a GmtU 
SUmultu^ rm>¥ring 
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Henralgia, 

Bhetimatiiim, 

Soiatiea, 

Lumbago, 

Weak Baoic, 

NerroutneM, 

General Debility^ 

Imperfect Cireula» 

fto*i Ao*| Ac. 



"E. J. Skibbrt, 8x9 Broadway: I hare given a ftill trial to your Voltaic Armadillo in separate 
applications, anSi cheerfully express to you my satts&cdpn with die personal f drantage and benefit whick 
I bare received. STEPHEN H. TYNG, St. Geoige's Rectory, ao9 East s6th Street. 

"New Ygbk, Notfemhtr y>, 1875.** 



" New Yoek, ^ufy 14, x87S.^ 
"Deak Sib: I used your Voltaic ArmadSlo Waistband in two cases of Muscular Rncitmahsm wx 



with 



I shalL with great pleasure, try it in similar cases in the future. 

" Youn, &c, CHAS. E. HAGKLEY, M. D., 47Wert 3x8! Street 

" We have numerous letters from fihjrsicians who have used the Armadillo. The efficacy of theat 
Bands and Soles is clearly established in certain forms of Rheumatic Affections, Neuralgia, Weakness ol 
the Back and Abdomen, etc. The Pulvermacher Chain, which has recmved the distinguished apwdlM* 
tion ef Sir Charles Locock and other European scientists, is largely used in England, and, as the Arma- 
dillo perfonns the same functions and inresents the same principle. mUvin a m^rt ctmuenitnt/orm^ ' 
there is no reason iHiy it should not attain the same celebnty hcnt. '^Ayneiam attd Pkmrmmcist, ATfr 
tfemier, 1875. 

*' . . . And many physicians of high repute, and some within our own knowledge, testify to die bene- 
tidal use of dectro-magnetism by such means as Mr. Seibert has very ingeniously devised, and which w* 
diink worthy of attention.— 5<iiMibrr«M, May. 1875. 

The Armadillo is flexible and easfly a^hed, and can be worn with safety at any time. 

Ask Druggists, Homoeopathic Pharmacuts, Surgical-Instrunent Maken^ or your Physidan far It, or 
it will be sent on receipt of pric^ by 

SEifD TOR PAMmLBT. B. J. 8IZBEBT, PToprMoT, 819 Broiivay, V, 7. 

THE GREAT NEW YORK AQUARIUM, 

BROADWAY AND 35th STREET. 



A GREAT INLAND OCEAN, teeming with 
myriads of inhabitants, from tbe most beautiAilbr 
colored and delicate Tropical Fishes, to huge» 
mammoth amphibious animals. 

JAPANESE nSHES, SHABES, SEAIA 

BIYSR, LAKE, BROOK, AND POND FISHBS. 

Marine Vegetation of a Thousand Different Varietlest 

7%/ occan^s depths explored and searched for tnar^ 
vels and novelties. 

Live Coral, Sponges, Anemone. Beautiful Sea- 
Grasses, Shell-Fishes, and ten thousand strange^ 
novel, and curious creatures. Proteus, Hell- 
bender, American Angler. Special expeditions 
m every sea, gathering their inhabitants for exposition in immense transparent and 
iron tanks. The rarest of tropical plants. Classic statuary. The only Aquarium and 
resort of intelligent and educated persons on the Continent. Choice Promenade Con* 
certs, dli-ected by Harvey B. Dodworth, every afternoon and evening. 




Admission, 60 Cents. Children half price. 
Special rates to Schools. 
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History of the Norman Conquest of England: 

ITS CAUSES AND ITS RESULTS. 
Bj EDWABD A. FBEEHAIT, IL A^ Hon. D. a L 

Revised American Edition, 
Volume y., concluding the work. Syo. Cloth, gilt top, $4. Volumes L to V., |20. 
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The History of Napoleon the First. 

^P. LAHPEEY. 

Translated trt/A the sanction of the Author. 
Volume m. 8vo. Cloth, |8.60. Volumes L and IL recently published, price |3.60 etch. 



BRYCB.— THE HOLY ROMAN EM- 
PIRE. By James Bryce, D. C. L. 
Fifth edition, revised and enlarged. 
Crown 8to. Cloth; $3. 

8TT7BBS. — THE CONSTITUTIONAL 
HISTORY OF ENGLAND, in its Ori- 
gin and Development. By William 
Stubbs, M. A, Regius Professor of 
Modem History. Volumes I. and IL 
Crown 8vo. Each, $4..50. 
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OTTE. — SCANDINAVIAN HISTORY. 
By £. 0. Ott6. With Maps. 12mo. 
12.60. 

KITCHIN.— A HISTORY of FRAKCB 
down to the Year 1453. By 0. W. 
Eitchin, M. A Crown 8to. Olotli, 
with Maps, $5.. 
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Century. By Leopold von Ranlce. 6 
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DESCENT OF MAN. 2 vols 4 00 

EMOTIONAL EXPRESSION OF MAN 8 60 

HUXLEY. 

HUXLEY^S MAN'S PLACE IN NATURE 1 25 

ANATOMY OF VERTEBRATED ANIMALS 2 60 

MORE CRITICISMS ON DARWIN, etc 60 

ORIGIN OF SPECIES....; 1 00 

LAY SERMONS 1 15 

CKITIQUES AND ADDRESSES 1 60 

HUXLEY & YOUMANS'S PHYSIOLOGY AND HYGIENE 176 

SPENCER. 

HERBERT SPENCER'S ESSAYS 2 60 

FIUST PRINCIPLES 2 60 

UNIVERSAL PROGRESS 2 60 

SOCIAL STATICS 2 60 

BIOLOGY. 2 vols 6 00 

PSYCHOLOGY. 2 vols 5 00 

RECENT DISCUSSIONS". 2 00 

PHILOSOPHY OF. STYLE 60 

STUDY OF SOCIOLOGY 1 60 

DESCRIPTIVE SOCIOLOGY. No. 1. English 6 00 

DESCRIPTIVE SOCIOLOGY. No: 2. Ancient Mexicans, Central 

Americans, Peruvians, etc 6 00 

TYNDALL, 

TYNDALL'S H^ AT AS A MODE OF MOTION 2 00 

FRAGMENTS OF SCIENCE 2 00 

HOURS OF EXERCISE IN THE ALPS 2 00 

ON FORMS OF WATER..... 1 60 

SOUND 2 00 

LIGHT AND ELECTRICITY 1 25 

RADIANT HEAT 6 00 

FARADAY AS A DISCOVERER 1 00 

SIX LECTURES ON LIGHT. Delivered in America 1 00 

PROCEEDINGS AT BANQUET, New York. Feb. 4, 1873. Paper. 60 

LU BBOCK, 

PREHISTORIC TIMES... ;.. 6 00 

ORIGIN OF CIVILIZATION 2 00 



Special Tsrus : On orders for any of the above publications in Club with the 
Popular Science Monthly, a discount of 10 per cent, will be allowed. 



Digitized by 



Google 



D. APPLETON & CO., 

649 & 661 BROADWAY, NEW YORK, 
Ea«e jvtt publUiked: 

THE OLD CURIOSITY SHOP. 

Sy CHARLES DICKENS. 
Eomehold Edition. Illustrated. - - Paper, fl.OO ; doth, fl-^O. 
Volume9 already piMUhed: 
GREAT EXPECTATIONS. 

OLIVER TWIST. 

TALE OF TWO CITIES. 
Cloth, %\M ; paper, 76 cents. 

MARTIN CHUZZLEW^IT. 

BLEAK HOUSE. 

DAVID COPPERFIELD. 

LITTLE DORRIT. 
PICKWICK PAPERS. 

BARNABY RUDGE. 

OUR MUTUAL FRIEND. 

NICHOLAS NICKLEBY. 
(noth,'tl'^6 ; paper, tl.2tf. 



NOW READY. 



Five Senses of Kan. 



*T 



JULIUS BERJ^TEIJT, 

O. d. FtoCMSor of Physiology hi the Unlreislly 
of HaUe. 



WITH NINETY-ONE WOODCUTS. 



12mo. Olotli. Prloe, $1.75* 
D. APPLfrrOH k €0., Pnhlishcn, 

Si9 A* 551 Broadway y Ntw York, 



BEST HOLIDAT-G-IPT 
TO A LADY. 



B«o«lT«d Bigbeit Honon oonfemd 
fttOentemdaL 



Latest Iav«B-, 

tion^ aad pro- 

diiemg most 

Manrelout 

Results. 

nNid»4lMktalMt 




Only 
in tM* 
with 



Stitch Indian 



f. 0T WJf ■HMlMb 



IEWWILLCOX& GIBBS 

AUTOMATIC 

8ILEIT SEWnfr-IACmiE 

Send Postal-Card for lUnstrated Price-list, etc. 

WiUeox k (Ubbs S. M. Co., 

(Cor. Bond St) 658 Broadway, New Tofc. 



Digitized by 



Google 



TEE INTEBITATIOITAL SCIENTIFIC SEBIES. 



JUST PUBLISHED! 
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THE THREE BRIDES. 
By C. M. YONGE, author of •* The Heir of Redclyffe." i vol., i2mo. Cloth. Price, 
$1.75. 

"This novd bids fidr to equal the reputation which was attained by 'The Heir of Reddyflfe' 
and ' Heartsease,' which have been read and wept over by many thousands of readers." 

THE LAND OF THE SKY; 
Or, ADVENTURES IN MOUNTAIN BY-WAYS. By Christian Reid, author 
of "A Question of Honor," etc. I vol., paper covers, illustrated, 75 cents; 
doth, $1.25. 

The "Land of the Sky" it part story and part adventure; it p'ates the vicissitudes and ex- 
periences, humorous and otherwise, of a number of travelers in a sum . ■ jaunt amid the mountains 
of North Carolina. There is some good character-sketching, not a few ai..ui>ing incidents, the thread 
of a love-story, and some capital descriptive passages. 

THE FORTUNES OF MISS FOLLEN. 
By Mrs. Goodwin-Talcott, author of " Madge," "Sherbrooke," etc I vol., l2mo. 
Cloth, $1.50. 
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uresque in German country life and manners. Interwoven with these is a serial story of pure and 
devoted love, as manifested in the noblest characters. Written with fine taste by an accomplished 
pen, it forms a charming work that will interest and satisfy all readers.' 

COMIN' THRO' THE RYE. 
One vol., 8vo. Paper covers, 75 cents. 

" A very amusing and well-written story. The history of die youth of the Adairs is extremely 
amusing, and told in a bright and witty manner. . . . One of the pleasantest novels of the season." 
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A NOVEL. By Julian Hawthorne, i vol., 8vo. Paper, 75 cents. 
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Julian Hawthorne, in the maturity of his power, will rank side by side with him who has hitherto 
been peerless, but whom we must hereafter call the ' Elder Hawthorne.' " — New York Times, 

GEIER-WALLY. 
A TALE OF THE TYROL. By Wilhelmina von Hillern. Handy Volume 
Edition. 8vo. Paper covers, 50 cents ; cloth, red edges, $1.25. 

Auerbach, the great German novelist, in a recent letter to a lady in this country, pronounces this 
work " tht best short story in modern German literature.** 

THE LITTLE JOANNA. 
A NOVEL. By Kamba Thorpe, i vol., Svo. Paper covers, 60 cents. 
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Jeaa Ineelow, Ceo. MacJOonnId, TTro. Elack, Anthony 
Trollope. S. I>. Clackmoro, J alia Kavanach, Mrs. Parr, 
Menry JCInirsley, Matthew Arnold, Mrs. Macqnold 
Francis 1¥. Keirman, Thomas Carlyle, Berthold Aner^ 
bach, IF. IF. Storg^ Francis Gnlton, John Mnsfcin, 
Koberi Bnchaaaa, Teanysont Browning* and miin/ othezi, 
us zepmentod ia Um paeef of 

LITTELL'S LIVING AGE 

Jamianr Ist, 1877, Thb Linvo Aob enters upon Sts 132cl Tolnme. Commended Sn tho outset by 
President Adams, Judge 8toi v, Cbancellor Kent, kistcxians SparkP, rrercott, l^ancrof t, Ticknor, and 
many others, it Las never failed to receive tbo varm support of tho best men and Jouxnals of the 
country, Aii^^^ i"^^ ^^'^ constantly increasing succcfs. 

A WEEKLY Maoazi>'E, of sixty-four pagcP, The LimfG Agb (in which its only competitor. 
"EVEBT 8ATUKDAT," has l>eeu merged) gives moro tluiu 

double-column octavo pages of reading-matter yearly, formirg four Jnrf e volumes. It presents in an 
Inexpensive form, considering its great amount of niattrr, with frcfhueep, owing to its weekly issue, 
and yii\^VkWAx9factory' complttmtii attempted by ro other publication, tbo 1 cft KscnyB, TevieTvs, Crit- 
ioisms, Tales, Sketches of 1 ravel and Discovery, roetry, ticientific, biographical, Uistoiical, and Politi- 
cal Information, from the entire body of Foreign Peiiodicol Literature. 

DurinfiC the coming year. Serial and Short Stories by the JLeadinff Foreign Autliore will be 
given, together wiih an amount 

X72XA3P]E>x*oAclxed toy w^-xi^ oXku&v 3E»e3rlocU.oAa. 

In the world, of the most valuable Literary and Sciertific matter of the day from tho pens of tho fore- 
most Essayists, Scientists, ('ritics, Discoverei-s, and Editors, above-named and many others, represent- 
^ig every department of Knowledge and Progress. 

The importance of Thb Ltvino Aon to every American reader, as the only sat! sfactorfly fresh 
•nd complete compilation of a g'^nera 11 y inaccessible but indispensable current literature, — indu- 
pentable because it embraces the productions of 

In all branches of Literatiire» Science, Art, and Politics^is sufficiently indicated by the following recent 

•• Tear bv yenr those who wish to keep themselves lT>- 
fbrmed in the literature of the day come more generally 
to recognize Thb I.iviko Agb as the best means lor ot- 
taining that end within the reach of persons of moderate 
leisure. ... It reproduces the best thoughts of the best 
minds qf thec^vihzed world, upon all toptcs </ living in' 
ierest.'* — Philadelphia Inquirer. 



••.Simply indispensnblo to any one who desires to keep 
abreast or the thought of the age In any deoartment of 
science or literature."— Z)o«/on Journal. 



*• In no other single publication can there be fbnnd so 
much of sterling literary excellence."— A>i0 i^ri;£se»- 
ing Post. 

'^ Ought to find a place in eveiy American Home.'*— 
JTew York Times. . t ^„ ^, ..«,.„ 

•' The b cpt of all our eclectic publications." — The Na- 
tUm, New Vork. 

*• And the cheapest. A monthly that eoma eoerywedtJ** 
^The Advance, Chicago, 

''Incomparable in the richness, variety, and sterling 
worth of 1 ts articles, and equal to several ordinary maga- 
cines in the amount of matter presented.*'— Tlie JStand' 
urdt Chicago. 

••The more ft Is appreciated the higher will rise the 
tone of American literaiure and the taste of American 
leaders.** — Chicago Inter- Ocean. 

'• Grows richer and ricker the longer It lives. There Is 
no other known way of getting po much good reading for 
so little money.'*— Christian Register, Boston. 

••It is a thorough rompiVa/ton of whntisbestin the liter- 
ature of tlie day, whether relating to history, blopraphy, 
fiction, poetry, wit. science, politics, theology, criticism, 
otfLTV*— Hartford Daily Courant. 

•* A pure and perpetual reservoir and fountain of enter* 
tainment and Instruction."— /fon. Robert C Winthrop. 

•'The best periodical in the world."— .4yir<d £. Street, 



••Tlie best periodical in America.'*— i2». Theo. i. 
Cuyler, D.D. 

*' Fnirly without a rival.'* — Congregationalirt, Boston. 

•• Withtt alone a reader may fairiy ktcp up with a* I that 
Is imporinnt In the literature, history, politics, and scir 
cncc of the day.**— yAe Methodut, New York. 

*• The ablest essays, the most cntirtainirg stories, the 
finest poetry of tho l-.nglish language are here gathered 
twjcthcr."— y//w.o»* State Journal. 

*'Woro then ever indispensable. In these days of fke- 
qnent publication In expensive Ungli^h Kcvlews, of arti- 
cles on the prent questions of current Inquiry, by such 
men as Mnx 21 ul'er, Iluxley, Tyndall, and many othezs.** 
-^miwaulee Daily Sentinel 

••Its pubiicntion In weekly numbers gives to It a great 
advantage over Its monthly contrTPpomrles In the spirit 
and freshness of Its contents."— The Pacific, San Fran- 
cisco. 

•• Of all periodicals in the world. If a man can take only 
one, he should by all means take Ins 1 iviko Ace. . . . 
There is nothing comparable to it in true value in the 
whole range of periodical literature.** — Jfo(t7a JkUlg 
Register. 

•^Thcre is no magazine nnhllsbed that fdves so general 
a knowledge of whatis gohig on in the literary world.*'— 
Presbyterian Weekly, Baltimore. 

"The more noted new novels appecras serials, and the 
more distinguished foreign thinkers In criticism, sclencs 
and art, are represented' in Its pages, . . . It is the only 
compilation that presents with a f^ntisfactory complete* 
ness.as well as irefihnes8,'a literature embracing the 

{>roductions of tho ablest and most cultured writers liv- 
ng. It is. there/ore. wditpensable to every one who desires 
a thorough compendium q/ oil that is admirable and mote' 
worthy in the literary world.** — Boston Post. 
•' It has no equal in any cvantry.**— Philadelphia Press. 



PiTBLisnED Weekly, at 98.00 a jeaxfree qfpoitage. An extra copy sent gratis to any one getting 
up a club of five new subscribezs. 

New subscribers for 1877, will receive gratis the six numbers of 187B, containing the first instalmenti 
of a new andpowerful Serial, ** The Marqnis of Lossie," by GSOBGIS JIIA€DONAXI>» now 
appearing in The Liyimo Age from advance sheets. 

CLUB PRICES FOR THE BEST HOME AND FOREIGN LITERATURE. 

[ ** Possessed of * Ltttell's Ltviwo Age* and of one or other of our vivacious American month- 
lies^ subscriber will find himself in command cf the whole siiuaticn**^ Philadelphia Evening JhUUtin.\ 

For $10.50, TnB Livnco Age and ct^^frone of the /r.ttr-</o//ar monthly Magarines (or Harpet'e 
Weekly or Bazar), will be sent for a year, tcith postage prepaid on lothi or, for $9.C0, The LrviiffO Age 
and Appleton^s Journal t or Scribner's St. Nicholas, lothposfpa' ' 



Address 



postpaid, 

LITTELL & GAY, 17 Bromfield St^ Boston. 
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THE AMEEICAN CLIMATE 

proteetion to our Longs absolately necessary. The srticle of nnderwesr known at 1Jb0 

GRADUATED CHEST AND LUNG PROTECTOR 

iluit proteetion perfect, as it can be Increased or diminished at will, thereby protecting the huuni aft 

«U ■eas<Nia. BoM by all Druggists, Ladies^ and Gents^ Fnmlshers, and Dry GKx>ds Dealers genend^TMat 
hf mall, prep^ to any address, on receipt of $1.50. 

ISAAC A. snrOEB, Hannfiietnrer, 694 Broadway, Kew Tark, 

C F RUE8TOW 

MEDICAL Alio MECHANICAL ENGRAVER AND ARTIST, 

Nob. 119 & 121 NASSAU STB££T, 

(Boom 870 [ ygW YORK* 

s o ib: o o Xj . 

THB PKIVATE INSTITUTION AT BARRB, MASS., FOR THE EDUCATION AND TRAOff* 
ixig of Yoath of DefectiTe Intellect, offers to parents and guardians the ozperienco of twonlgL 
€▼6 yean* aaccessftil operation, and all the c<mifortB of an elegant country home. 

QBOBQB BROWN, M. P., Snpt 

THB NEW AND CHEAPER EDITION OF 

FIGUIER'S POPULAR SCIENTIFIC WORKS. 

Coivbaining all the Origincd lUuetrations. 
Wltb the Text theronghly revised and corrected. Price, $3.50 eaclu 



The World before the Deluge. The Geological Portion carefully revised, 
and mnoh New Matter added, by H. W. Bristow^. B. S., of the Qeological Surrey of Great 
Britain, Hon. Fellow of King's College, London. With 288 Illustrations. 1 yoL, 8vo. Price, 
$8.50. 
'* A book worth a thousand gilt Christmas volumes, and one most suitable as a gift to an intel> 

leotoal and earnestly-inquiring BtndenV—Athenanim. 

The Ocean World. Being a Description of the Sea and its Living Inhabitants. 
Bevised and corrected by Prof. E. Pjiboival Wbight, M. D. With 427 Illustrations. 1 vol, 
Svo. Price, $8.50. 

The Insect World. A Popular Account of the Orders of Insects. Revised and 
oorrected by P. Martin DimoAN, M. D., F. B. S., Professor of Geology in Klng^s College, 
London. With 576 Illustrations. 1 vol^ 8vo. Price, $8.50. 
** Bemarkable at once for the beauty and variety of its illustrations. The book is an excellent 

one, and admirably gotten upy-^Educationai Times, 

The Vegetable World. A History of Plants, with their Botanical Descriptions 

and Peculiar Properties, and a Glossary of Bot^ical Terms. New edition, revised and oor> 

rected by an eminent Botanist. With 470 Illustrations. 1 vol., 8vo. Price, 8.50. 

** Throughout the book we have evidence of careful editorship in various little alterations which 

fender it more suitable to the British botanist, and in additions which bring it up to the present 

state of botanical science. . . . The present edition of ' The Vegetable World ' is, so far aa 

1)otanical value is concerned, the best which has appeared, not excepting the original French 

issue."— 2%* Garden, 

Beptiles and Birds. Revised and corrected by Captain Parker Gillmobb. 
With 807 lUustrations. 1 vol., Svo. Price, $8.60. 

Either of the above sent free by maU to any address on receipt of the price. On receipt of 
$10^ the entire set of five volumes will be forwarded by mail or express, paid to destination. 

D. APPLETOJf ^ CO., Publishers, 

649 & 551 Broadway, New Tork. 



Digitized by 



Google 



THE INTERNA TIONAL SCIE NTinC SERIES, 

MOa la FORMS OF WATER* i° Cloud*, Rain, Rlvsn, Ice, «nd Gladon. By Prof. John Tvni>au., LJL. D., 

F.R.S. 1vol. Cloth. Price, $1.60. 
*^ 2. PHYSICS AND POLITICS ; or, ThoaghU oa the Application of the Principlet of « Natural Selection *> 

and '* Inheritance " to Political Society. By Waltbk Bagbuot, Emo., author or '* The Engikh Comititotion.'' 

1 vol. Cloth. I'noe, tl.&U 
** 3. FOODS. By EowAKo Smith, M. D., LL. B., F. R. S. 1 vol. Cloth. Prii-e, $1 ^h. 
** 4. MIND A14D BODY. The Theoriea of their Relationi. By Alkx. Bain, LL.D., ProfeMor of Logic in the- 

Univeraity of Aberdeen. 1 vol.^ ISmo. Cloth. Prict', $1.50. 
** 5. THE STUDY OF SOCIOLOGY. By Heubkbt Spknccb. I vol., 13mo. Cloth. Price,$1.50. 
*^ 6. THE NEW CHEMISTRY. By Prof. Jobuh p. Cookk, Jr., of Harvard University. 1 voL, ISmo. Cloth. 

Price, $2.0U. 
" 7. THE CONSERVATION OF ENERGY. By Prof. BalbocbSiewabt,LL. D.,F.R.S. 1vol., 

l«mo. Cloth. Price, $1.50. 
** 8. ANIMAL LOCOMOTION ; or, Walking, Swimming, and Flying, with a DissertaUon on A^ronautica. Bv- 

J. Bell PBrnoHEW, M. D., F. R. S., F. R. S. E., F. R. C. P. E. 1 vol., 12mo. Fully illuatrated. Price, $1.76. 

*' 9. RESPONSIBILITY IN MENTAL DISEASE. By Henbv Maudsley, m. d. i vol., ismo. Cloth. 

Price. $1.50. 
** ID. THE SCIENCE OF LAW. By Profl Sheldon Amob. 1 voL, ISmo. Cloth. Price, fl.TSi 
*^ II. ANIMAL MECHANISM. A TreaUse on Terrestrial and Aerial Locomotion. By E. J. Makby. Witk 

117 Illustrations. Price, $1.75. 

** 12. THE HISTORY OF THE CONFLICT BETWEEN RELIGION AND SCIENCF. 

By John Wm. Dbapbb, M. D., LL. D., author of " The Intellectual Development of Europe." Price, $1.76. 
** 13. THE DOCTRINE OF DESCENT, AND DARWINISM. By Prof. Oscab Schmidt, Straa- 
burg University. Price, $1.60. 

*' 14. THE CHEMISTRY OF LIGHT AND PHOTOGRAPHY. iotUAppl!cationtoArt,Sci<moe, 

and Industry. By Dr. Hbbmann Voobl. 100 Illustrations. Price, $S.OO. 
** 15. FUNGI; their Nature, Influence, and Uses. By M. C. Coukb, M. A., LL. D. Edited by Rev. M. J. Bskkblky, 

M. A.. F. L. S. Wita 109 Illustrations. Price, $1.60. 
" 16. THE LIFE AND GROWTH OF LANGUAGE. By Prof. W. D. Whiwby, of Yal* CoUege. 

Price, $1.50. 
«' 17. MONEY AND THI MECHANISM OF EXCHANGE. By W. Stanley Jevonb, m. a.,. 

F. R. S., Professor of Logic and Political Economy in the Owens College, Manchester. Price, $1.75. 
** 18. THE NATURE OF LIGHT, "v^th a General Account of Physical Optics. By Dr. Eugbnb Lcmmbl, 

Professor of Phvsics in the University uf Erlan^jen. With 188 Illustrations and a Plate of Spectra in Chromo- 

lithography. Price, $2.00. 
** 19. ANIMAL PARASITES AND MESSMATES. By Monsieur Vak Bbmbden, ProfesMr of the 

University of Louvain, Correspondent of the. institute of France. With 83 Illustrations. Price $1.50. 
*' 20. ON FERMENTATIONS. By P. SchOtzbnbesobb, Director at the Chemical Laboratory at the Sor- 

bonne With 28 Illustrations. Price, $1.50. 
** 21. THE FIVE SENSES OF MAN. By Julius Bbknsiein, O. O. Professor of Physiology in the Um- 

versity of Halle. With ttl Illustrations. Price, $1 75. 

** 22. THE THEORY OF SOUND IN ITS RELATION TO MUSIC. By Pkx. Pibtbo 

Blabbbma, of the Royal University uf Rome. With numerous Woodcuts. 1 vol., 19mo. Cloth. Price, $1,501 

PROSPECTUS- 

D. Applbton a Co. have the pleasure of announciuK that they faa^e made arrangements for puMisbing, and have recently- 
«ommenced the issue of. a Sekieb of Popular Mon«>43Kaphs, or small works, under the above title, which will embody the 
results of recent inquiry in the must interesting departments of advancing science. 

The character and scope ot this series will be best indicated bv a reference to the names and subjects included In the subjoined 
list, from which it will be seen that the cooperation of the in<>st distinguislied professors in England, Germany, France, and. the 
United States, has been secured, and negotiations are pending: for contributions from other eminent scientific writers. 

The works will be issued simultaneously in New York, L >iidon. Paris, Leipsic, Milan, and St. Petersburg. 

The International Scientific Sbries is entirely an Americiin project, acd was originated and organized by Dr. EL L. 
YoumaoSj who spent the greater part of a year in Europe, arranging with authors and publishers. The forthooinliig volumea 
are as follows : 



Prof. W. KiN«DON Clipfobd, M. a.. The Firat Pnneipfa of the 

Exact Seteneet exf Joined to the Non-Mathe>acUieal. 
Prof. T. H. HuxLBV, LL.D., F.R.S., Buddy MUton and Om- 



Dr. W. B. Carpenter, LL. D., F. R. S., The nyticai Geogra- 



phy o/lhti Sea. 
Prof Wm. 



. Odlino,'F. R. S., 7%e Old Chemtttry viewed frdm 

the New Stand-i<mTU. 
W. Lauder Lindsay, M. D., F. R. S. £., Mtnd in the Lower 

Aniniah. 
Sir John Lubbock, Bart., F. R. S , On AnU and Beea. 
Prot W. T. Thisbltom Dyer, B. A., B. Sc., Fitrm and IlaJnl m 

Flowering Plantt. 
Mr. J. N. LocKVBR, F. R. S., S/f^etrum Anafifx!s. 
Trot. Michael Foster, M. D., PratopfainH and the Cell Theory. 
H. Charlton Bastian, M. D., F. R. S., The Brain <u an 

Organ of Mind. 
Prof. k. C. Rahsay, LL. D.. F. R S.. Earth Seuljlure ; Hilh, 

Valleys, MowUains, Plaint^ Rive^n, Lakes; how they were 

pruditeeti, and how they have keen drstroyed. 
Prof. Rudolph Virchow (Berlin University), Morbid Phyttolo- 

gicat Action. 
Prof. Claude Bernard, His'ory of the Throne of Life. 
Prof. H. Saint-Claire DbvilleJ An Introduction to General 

Chemistry. 
Prof. WuRTZ, Atonu-and the Atonite Theory. 
Prof Db Quathepvoes, The Human Race. 
Prof. LACAZK-OuTHiKRa. Zoology nnee Cumer. 
Prof. Bbrthblot, (Vi^micnl Syvthms. 

Prof. C. A. YouNO, Ph. D. (of Dartmouth College), 7%^ Sun. 
Jfnt. Ogdbn N. Rooii (Columbia College, New York), Mod- 
ern Chromatic* and its Relalimvi ti> A rt and Industry. 



Dr. Eu<^rnb Lommel (University of Erlangen), T%e Kaiureof 

Lioht. 
Prof. J. Rosenthal, General Phfrnology of Mutelea and Nerves. 
Prof. Jambs D. Dana, M. A., LL. D., On Cepha/izatton ; or, 

Head-Characters in the Gradation and Progress of Life. 
Prof. S. W. Johnson, M. A., On the NtUrilion of Plants. 
Prof. Austin Flint, Jr., M. D., 7%e Nervous Syttem, and its 

Relation to the Bodily Functions. 
Prof. Bernstein (University of Halle). The Five Senses of Man. 
Prof. Fkrdinand Cohn (Breslau University), T^lk/pAgte* 

(A fqoB, Lichens, Fungi). 
Prof. HBRMANf (University of Zurich), Or ife»;>ira^toN. 
Pro£ Lbuckabt (University of Leipsic), Outhnes of Animal 

Organttation, 
Prof. Libbreich (University of Berlin), Outlines of Toneotogg. 
Prof. Kundt (Uni-. erslty of Strasburg), On Sound. 
Prof. Refs (University of Erlangen), On Parasitic Plants. 
Prof. Stkixthal (University of Berlin), Outlines of the Science 

of Language. 
P. Bert (Professor of Physiology, Paris), Forms of Life and 

othf-r Qnmical Canditicns. 
E. Ai.'^LAVE (Professor of Constitutional and Administrative 

Law at Doaai, and of Political Economy at Lille), The 

Prtmitive Elements of Piiitieai Constitutions. 
P. Lorain (Professor of Medicine, Paris), Modem E/-idcmics. 
Prof. ScHUTZENBERGER (Director of the Chemical Laboratory 

at the Sorbonne), On Fermentations. _ 
Mons. Fkeidbl, The Funduma of Organic CksmUttry. 
Mons. Debray, Precious Metals. 
Prof. Corfield, M. A., M. D. (Oxon.), Air in Us Relatumto 

Health. 
Prot A. GiARD, General Eoihryology. 
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Just Published, 

Contributions to Reparative Surgery, 

Showing its Application to the Treatment of Deformities, produced by Destructive 

Disease or Injury; Congenital DefJects from Arrest or Excess of 

Development; and Cicatricial Contractions following 

Bums. Illustrated by Thirty Cases 

and fine Engravings. 

By GURDON BUCK, M. D. 
1 vol., 8vo. • - - Cloth, $3.00. 

OONTKNTS. 
Transplantation of Skin — Methods of Transfer — Treatment of Raw Surfaces left 
to heal by Granulation — Sutures and their Management — Methods of 
Operation. 

Casks. — ^Loss of Parts, involving the Face, and resulting from Destructive Diseases 
and Injury — Congenital Defects from Arrest or Excess of Development^ 
Harelip — Cicatricial Contractions following Bums. 

D. APPLETOir k €0., Publishers, 549 & 551 Broadway, N. T* 

THE LATEST NOVELS. 



JOAN. 



By RHODA BROUGHTON, author of " Cometh Up as a Flower," •* Red as a Rose 

is She," etc., etc. 

I voL, Sv0, Paper cavers^ 75 cents, 

**We believe that, with one exception, this authoress may be classed as the most popular writer of 
fiction of her sex. The reasons are manifold : in her stories the plot is ever simple, but yet of intense in* 
terest ; her idejd characters are sketched with consummate skill ; they are never crowded on the mimic 
scene, yet thus afford contrasts that vividly attract the reader's imaeination ; added to this, a bright^ 
witty dialogue, a charming descriptive power, and a great depth of pamos, and .we have summed np the 
attnbutes that distinguish Rhoda Broughton." — N, Y. Albion. 

By the same Author, 

Cometh Up as a Flower, i2mo. Cloth, $1.50. Cheap edition, 8vo, paper cov- 
ers, 60 cents. 

Not Wisely, but Too WelL Library edition. i2mo, $1.50 ; 8vo, paper covers, 
60 cents'. 

Nancy. i2mo. Cloth, $1.50; paper covers, 8vo, 75 cents. 

Gk>od-Bye, Sweetheart 1 Library edition. i2mo. $1.50. Cheap edition, 8vo, 

paper covers, 75 cents. 
Sed as a Rose is She. Library edition. i2mo. Cloth, $1.50. Cheap edition, 

8vo, paper, 60 cents. 

RARE GOOD LUCK. 

A FORTITNC: IN SETJEN STROKEIS. 

By R. E. FRANCILLON, author of "Earl's Dene," *' Zelda's Fortune," etc. 

I vol, J %vo. Paper covers ^ 50 cents, 

" Rare Good Luck " is a stirring romance for Christmsis-times. It contains a great deal of picturesque 
incident, strange adventures, and graphic character-drawing, so that, between shipwreck rescues, disap* 
pearances and reappearances, struggles with timers, warfare with men, and escapades in the name of love. 
It afifords abundant entertainment for a winter night's reading. 

D. APPLETON & CO., Publishers, 549 & 551 Broadway, New York. 
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THE POPULAR SCIENCE MONTHLT. 



OONDirCTED BT 

3Li- "ST O XJ lyfl: .A. DNT SSl- 



nis periodical was started {in 1872) to promote the diffusion of valuable scientific 

Jaurwledge, in a readable and attractive fomty among all classes of the 

community t and has thus far met a tvant supplied by no 

other magazine in the United States, 



miM vohimes hftTe now appeared, wbidi are flHed witii t ni lr u ctlye and interesting articles and ab- 
•traota of articles, original, selected, transli^ed, and illustrated, from the pens of the leading sdentifle men 
«f diffu^nt ooontries. Accounts of important scientific discoveries, the applieation of scimce to the in«^ 
tleal arts, and the latest views pat forth concerning natoral phenomena, have been given by 9a/vant6 of the 
highest authority. Prominent attentifm has been also devoted to those various sciences iHiich help to a 
better understanding of the nature of man, to the bearings of science upon the qnestions ef society and 
government, to scientific edacation, and to the confiicts which spring irom the progressive nature of sdaii- 
tlfic knowledge. 

Tnn PoptTLAB SoiKKOB MoNTHLT has long since ceased to be an experiment It has passed into a 
circulation tar beyond the most sanguine hopes at first entertained, and the cordial and intelligent approval 
which it has everywhere met, shows that its close and instructive discussions have been wen appreciated 
by the reading portion of the American people. Itihas not been its policy to make boa»tftil promises of 
mat things to be done in the future, but rather to appeal to what it has already accomplished as giving 
It a claim upon popular patronage. BUt no pains will be spared to improve it and make it stiU more worthy 
«f liberal support, and still more a necessity to the cultivated classes of the country. 

The following quotations illustrate the way It lias been babituaUy spoken of by the inees: 



*^ That there la a place for Thv Popular Soienox 
Monthly, no one can doubt who has watched the 



ateadv increase of interest in scientific investigation 
manirested in this comitry, not only by a select class, 
but by the entire community.*'— iv«i> York 7ime8. 



*■ We think it is not too much to say that this is 
the best^«^ number of any magazine ever pub- 
lished in America."— iV<wi> York World. 

^A journal which promises to be of eminent 
value to the cause of popular education in tiiis 
countiy."- iVctt; York Triaune. 

"It is, bevond comparison, the best attempt at 
Journalism of the kind ever made in this country." 
^—Home Journal. 

" It is just what is wanted by the curious and 
{progressive mind of this country, and ought to be 
wldelv circulated."— iVew York Evening Post. 

^' It is the first successful attempt in this country 
to popularize science in the pages of a montiily." — 
N. Y. SchooUourrua, 

" Thb Monthly has more than fulfilled all the 
promises which the publishers made in the pro- 
apectus of publication/'— i\7ia^ara FaUs QazetU. 



**This is a highly-auspicious beginning of a use- 
ful and much-needed enterprise in the way of pub- 
lication, for which the public owe a special debt of 
obligation to Messrs. D. Appleton & Co."— .AwA^n 
Gazette. 

^ This new magarine, In onr estimation, has more . 
merit than the whole brood which have preceded 
\V— Oswego Press. 

'^ In our opinion, the right idea has been happilv 
hit in the plan of this new monthly."— JBt^o/o 
Courier. 

"This is one of the verv best periodicals of its 
kind published in the world. Its corps of contribu- 
tors comprise many <tf the ablest minds known to 
science and literature. It is doing a great and noble 
work in popnlarisdng science, promoting the gniwth 
of reason, and leveung the battlements of old su- 

Ctitions reared in the childhood of our race be^ 
it was capable of reasoning." — Tlu American 
Medical Journal, St. Louis., Mo. 

" This magazine is worth its weight in gold, for 
its service in ed ucating the people."— The American 
Journal of IkiucaHon^ St. Louis, Mo. 



Thb Pofttlab Soibnob Monthly is published in a large octavo, handsomely printed on dear tyjf% 
and, when the subjects admit, tatij illustrated. Each number contains 128 pages. 

Terms : $5 per Annum, or Fifby Cents per ITtLmber. 

POSTAGE FEEE TO ALL SUBSOEIBEES IS THE UNITED STATES. 

A new volume of the Popitlab Soibnob begins with the nnmbers for lAaj and Kovember each year. 
Subscriptions may commence from any date. Back numbers supplied. 



Kovf Heady fVoU. I,, JT., Ill,, IV.j V., VI., VII., VIII., and IX., of The Pop' 

ular Science Monthly, embracing the Numbers from 1 to 54 (May, 1872, to October, 1876). 9 
Tols., 8vo. Cloth, $3.60 per vol Half Morocco, |6.50 per vol. 

For Sale, Binding Cases for Vols. I^ II,, III., IV., V., VI., VII., VIII., and 
XX. , of The Pojyular Science Monthly. These covers are prepared expressly for binding IJlie vd- 
nmes of Thb Populab Soiencb Monthly as they appear, and will be sent to Subscribers on receipt o* 
price. Any binder can attach the covers at a trifling expense. Price, 50 cents each. 

AGENTS WANTED. 



Address d. APPLETOJf ^ CO., Publishers, 

649 & 661 Broadway, NewTork. 
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TItlTY 

ADJUSTABLE 

TABLE 



May bb Raised or Lowbred to suit any Fbkson 
OR Purpose, akd be Folded compactly. 

FOR CUTTINQ, BA8TINQ, TRIMMINQ, 
WRITINQ, STUDY, QAMC8, INVA- 
LIDS, CHILDREN, CAMP. Ao. 

In great variety of style, size, shape, and price. Inclose 
stamp for Illustrated Book, and mention this paper. 

LAIBIE i SARGENT. Propn and MTn, 793 Bmdwij, I.T. 



THE UNIVERSAL METRIC SYSTEM. 

PREPARED ESPECIALLY FOR CANDIDATES FOR SCHOOLS OF 

SCIENCE, ENGINEERS, AND OTHERS. 

By ALFSED GOLIN, M.E., 

PRINCIPAL OP A PBEPARATOBT 8CIENTIPIC 80HOOL. 

1 vol., 12mo. Cloth, 60 cents. 

D. APPLETON & CO., Pablialieis. 



LECTXTIt^ES 



ON 



ORTHOPEDIC SURGERY AND DISEASES OF THE JOINTS, 

Delivered at Bellevue Hospital Medical College during 
the Winter Session of 1874-1875, 



T|-RT^IS .A.. S.A.-:srRB, 1>/L. 3D., 

ProfiBeeor of Orthopedic Sargery, Fractures and Dislocations, and Clinical Surgery, in Bellevue 
Hospital Medical College; Surgeon to Bellevue Hospital; Consulting Surgeon to Charity Hos- 
pital; Consulting Surgeon to St. Elizabeth's Hospital; Consulting Surgeon to Northwestern 
Dispensary; Member of the American Medical Association ; Permament Member of the New 
York State Medical Society; Fellow of the New York Academy of Medicine; Member of the 
New York County Medical Society, of the New York Pathological Society, of the Society of 
Neurology, of the Medico-Legal Society; Honorary Member of the New Brunswick Medical 
Society; Honorary Member of the Medical Society of Norway; Knight of the Order of Wasa, 
by His Majesty the King of Sweden, etc., etc. Illustrated by numerous Wood-Engravingi. 
1 vol., 8vo. Cloth, $5.00; Sheep, $6.00. 

The publishers take pleasure in announcing that the above work is now passing through the 
press, and will be ready in March. It is being published at the request of medical gentlemen of 
the highest standing, in different sections of our country, as weU as many abroad, who are anxiona 
to have Dr. Sayre's peculiar views and extended experience in this specialtv given to the profes- 
sion in a plain and practical manner. The book contains the substance of his course of lectures 
delivered at Bellevue Hospital Medical College, as well as many important cases from his note- 
book, and from the hospital records. He has also added a number of cases before presented by 
him to the profession in medical journals, or at the different medical societies, which are con- 
sidered worthy of permament record. 

The worV Vs enriched by beautiful and excellent illustrations, engraved ftom original drawings 
and photographs prepared expressly therefor. The author having enioyed exceptional oppor- 
tunines for the study and treatment of these diseases, the results of nis labors cannot fail to oe of 
Inestimable value to every student and practitioner, ana of service to suffering humanity. 

Students desiring early copies will please send Uieir orders direct to the publishers, 

D. APPLETON & CO., 549 & 551 Broadway, New York* 
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APPLETONS' JOURNAL 

A Monthly Illustrated Miscellany of Popular Literature. 

(NEW SERIES.) 



Piioe 25 dents per Humber; $3.00 per Annnin. 



Appletons' Journal is a monthly household magazine, of a high 
popular character, devoted to general literature and all matters of taste 
and culture. 

It aims to be bright, entertaining, fresh, and instructive. 

It contains superior fiction, in the form of serial novels and short 
stories, from leading writers in Europe and America. 

It gives illustrated papers, graphically descriptive of industries, recrea- 
tions, and picturesque places. 

It contains articles upon men of note, and various phases of life. 

It gives essays upon household and social topics 

It has articles devoted to travel, adventure, and exploration. 

It includes papers upon industrial and scientific subjects, written in a 
popular and entertaining style. 

Its plan, in brief, includes all branches of literature and all subjects 
of interest to intelligent readers — its preeminent purpose being to keep 
abreast with the times in its selection of themes and its treatment of 
them. 



Terms : Three dollars per annum, postage prepaid, to all subscribers in the 
United States ; or Twenty-five Cents per number. A Club of Four Yearly Sub- 
scriptions will entitle the sender to an extra subscription gratis ; that is, five 
copies will be sent one year for twelve dollars. The volume begins January and 
July of each year. For |7.20, Appletons' Journal and The Popular Scisnoi 
HoilTm.Y (full price, eight dollars), postage prepaid. 

FOB BALE BT ALL B00K8ELLEB8 AVD KEWS-DEALEBS. 

D. APPLETOJT Sf CO., PuUishers, 

549 & 651 Broadway, New 7ork. 



Digitized by 



Google 



The Ifew York Medical Joumal^ 

Idited I17 TAKES B. BUHmS, K. S., 

Asaistaiit Surgeon, New York State Woman'B Hosjiital; Member New York Obstetrical Society, et& 



This old and popular monthly journal, now in its twen^-eecond volume, to devoted to the advance- 
ment of the science and art of medicine in all its branches. Encouraged bj the rapidlf -increasing demand 
for the Nkw York Mkdioal Jovbmal, the publishers take pleasure in announcing that they have deter- 
mined to make it 

THE VBBY BEST MEBICAZ rERIODICJiZ OW ITS KINJD IN THE 
VNITEB STATES. 

A large number of distinguished gentlemen have promised 

VALUABLE ORIGINAL COMMUNICATIONS 

on a variety of topics of special interest to the Profession. 

Arrangements have been made by which the Pboorboinos of Mkdioal SooDcnn win be reported 
promptly each month, and as fUUy as their importance warrants. 

A corps of skiUftd translators will fUmlsh the readers with 

The Cveojrt of Foreigrt JoizvnalSj 

selected with a special view to the wants of those engaged in active practice. 

Keports of rare and interesting cases in Hospital and Private Practice wiU occupv, as heretofore, a 
prominent place in the pages of the Joitrnal. New Instruments, new Remedies, ana new Methods of 
maqaging Disease, will be promptly described. Critical and impartial reviews will be given of all Nnw 
Hbdioai. PuBuoATiOm, as they appear. 

A competent staff of experienced writers will cooperate with the editor in gleaning medleal news and 
information from every source, and thus keeping the Journal in the front rank of Medical Literature. 

In short, no labor or expense will be spared to render the Nnw York Mxdioal Jovrhal 

XKBISPEKSABUB TO BVSB7 PH7SI0IAN 

who desires to keep pace with the rapid advance of medical science at home and abroad. 
The beauty and excellence of the 

NUMEROUS ILLUSTRATIONS 

that enrich the pages of the Journal constitute a valuable and attractive feature, and one in which it has 
no rival in this country. 

OPINIONS OF THE PRESS. 

** Among the numerous records of medicine and the collateral sciences published in America^ the 
«bove Journal occupies a high position, and deservedly so.** — The Lancet {London). 

'*One of the best medical Journals, by-the-by, published on the American continent^—Zondon Msdi- 
<Ql Timeg and Gazette. 

*• A very high-class journal.'*— Xem^^^ Medical Mirror. 

** The editor and the contributors rank among oar most distinguished medical men, and each number 
oont^s matter that does honor to American medical WterKtnre.^— Boston Journal of Chemittrf. 

^ Full of valuable original papers abounding in scientific ability. '"''^C/ficaffO MecUcal Times. 

" Taking it all through, iu beauty of paper and print, its large-sized type, the hijrh character of Its 
contributors, its general useAiIness, we know no other periodtcal that we would rather present as a 
specimen of American skill and intelligence than the New York Medical Journal/* —i!Vanik/ln BepoeUory, 

"The New York Medical Journal, edited by Dr. James B. Hunter, Is one of the sterling periodicals of 
this country. The present editor has greatly improved the work, and evinces a marked aptitude for the 
responsible duties so well diAcharged. The contents of this journal are always interesting and instructive ; 
its original matter is often classic in value, and the selected articles are excellent exponents of the progress 
and truth of medical acience.'^—Bichmond and LouinviUe Medical Journal. 

A new volume of the New York Mbdical Joitrnal begins with the numbers for January and July 
«aehyear. 

SuhseripHonm received for any period, 

TERMS: FOUR DOLLARS PER ANNUM, 

POSTAGE PREPAID BT THE PUBLISHERS. 

A complete Index to the New York Mia>ioAL Joitrnal from its first issue, in April, 186&, to the 
cloae of the present volume, June, 1876, will be published eajrly in Sept. of the present year. This index 
will inclnde the entire contents of twenty three volumes of the Journal, and wiH constitute an invaluable 
work of reference to the contributions to medical literature of manv of the most distinguished members of 
the profession during a long and eventflil period. D. APPLETON & CO., Puvubhsbs. 
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TARRANT'S 




SELTZER 




?«»« 



EFFERVESCENT 



SELTZER 




?R»« 



SELTZER APERIENT. 



This yaluable and popular Medidne has uniYersaUy reodyed the most fayorable 
recommendaUons of the Ksdioal Pborsbioh and the Public as the most ErncimT and 

▲COIEABLB 

S^LIISTE AI^ERIEIsT'T. 

It may be used with the best effect fai 

BUious and Febrile DUeaseSf Caativenesa, Sick Headaehef Nauseap 

L6$8 of Appetite, Indigestion, Acidity of the Stomach, Tor^ 

pidity of the Liver, Gout, Bheumatie Affections^ 

▲HD JOJm OOMFLAUm WHIRB 

A GENTLE AND COOLING APERIENT OR PURGATIVE IS REQUIRED. 

It is particularly adapted to the wants of Trarelm by Sea and Land, Residents in 
Hot Climates, Persons of Sedentary Habits, Inyalids, and Gonyalescents. Captains of 
Ycssels, and Planters, will find it a yaluabld addition to th^ Medicine-chests. 

It is in the form of a Powder, oareftiUy put np in bottles to keep in any 

olimato, and merely requires water poured upon it tO pro* 

duoe a delightful EfFerv-esoent Beverage. 

Numerous testimonials, from professional and other gentlemen of the highest standing 
throughout the country, and its steadily-increasing popularity for a series of years,- 
ttrongly guarantee its efficacy and yaluable character, and commoid it to the fayorable 
notice of an intelligent public 



s-M^p. 



SEITZEK 





HaniMnid 0017 W tlie Sol 
TARRANT & CO^ 

278 Greenwich St., 

Cor, W€Hrren St., JT* 7.> 
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AND FOR SAIiE BT DKIJOOISTS OESfEKAIiliT. 
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TIE &OLD lEDAL OE PRO&RESS 

IVas awarded to Dr,' Jerome Kidder ^ for the Best Electro^Magnetic Machine at 
the last Fair of the American Institute ^ in the fall of 1875. 



The competitor who claimed an award of a gold medal exhibited only a 
counterfeit, made by plating a bronze medal with gold, which bronze medal was 
obtained at a time when Dr. Kidder did not exhibit 

Fao-simile of Dr. .^^^^^^SHBBilJ^^^^^^^^^ 

Kidder's Trade-Mark ^^^^^^SS^^^^^SHB^^^S 

MThioh aoooRipanies the ^^■-"- '''mHO^^H^mS^^^^^H 

Genuine Eleotro-Medioal ^^^BB^^^S^^^^^^^^^^IBv 

Apparatus. ^^^^^^^^^^^SK^^K B^^ E 

TBADE-MABK. 

Dr. Kidder has unequaled Galyanie, Electro-Magnetic, and Qalvano-Canstio 
Apparatuses, together with superior electrodes to use with them. To know the 
genuine Apparatus from the spurious, address, for Illustrated Catalogue, 

Dr. EEOME DDDER, H. E. cor. 17111 St. & 411 Ave., New Yort 

THE NEW YORK MEDICAL JOURNAL, 

For DECEMBER, 1876, contains- 

ORIGINAL COMMUNICATIONa, 
L Ebskike Mason, M. D.— Two Successfal Cases of Amputation al the Hip- Joint, with Ee- 

marks upon the Operation, 
n. John B. Roberts, M. D.— Paracentesis of the Pericardium, with an Analysis of Forty-one 
Cases. 

III. P. C. BARKEt, M. D.— A New Inhaler for Ether. 

IV. Allan McLans Hamilton, M. D.— A New Combined Gas-Can tery. 

V. John J. Bbid, M. D.— Treatment of Acute Dysentery by Injections of Hot Water. 
Clinical Kbcobds fbom Priyatb and Hospital Pbaoticb ; Notes of Hospital Pbaoticx: 

CORBESPONDBNCE ; PROCEBDINGS OF SOCIETIES. 

BIBLIOGRAPHICAL AND LITERARY NOTES, ^; 
I. A Practical Treatise on Materia Medica and Therapeutics. By Prof. Bobbbts Bartholow; 
IL Medico-Legal Experience in the Bengal Presidency. By Dr. Kenneth McLeod. 

III. Compendium of Histology. By Hbtnrich Pbet. 

IV. Contribntions to Reparative Suryery. By Dr. Gurdon Buck. 
V. Report on Vaccination. By Dr. Davis. 

VI. Anatomy of the Head. By Dr. Dwight. 
Vlt. An Epitome of Slciu-Diseaees. By Dr. T. Pox. 
VIIL Autumnal Catarrh (Hay-Fever). By Dr. Wtman. 
IX. Hand-Book of Common Local, English, Botanical, and Pharmacopoeial Names. By Chaslbi 

E. HOBBP. 

X. A Medical and Surgical Di rectory of the State of Iowa. By Dr. Lathrop. 
XI. A Manual of Percussion and Auscultation. By Dr. Flint. 
XII. Day-Book, Ledger, and Cash-Book. for the Use of Phypicians. By Dr. Skene. 

XIII. A Manual on the Principles of the Science of Chemistry. By Dr. Attfield. 

XIV. An Introduction to Pathology and Morbid Anatomy. By Dr. Gbben. 
XV. Transactions of the College of Physicians of Philadelphia. 

XVI. A Surerical Study. By Dr. Poolbt. 

XVII. Fourth Annual Report of the Board of Health of the City of Boston. 
XVIII. The Combined Call-Book and Tablet. By Ralph Walsh. 
XIX. The Physician's Visitiug-List for 18T7. 

Reports on the Pboobess of Medicine ; Miscellany ; Abmt Intelligence ; Obituary. 
A new volume of the New York Medical Joubnal begins with the numbers for January and 
July of each year. Subscriptions received for any period. "Terms, $4 per annum, postage prepaid 
by the pablishers. Remittauc.is, invariably in advance, should be made to the publishers, 

D. APPLETON & CO., 549 & 551 Broadway, New York. 
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JOSEPH GILLOTT'S STEEL PEIS, 

OF THE OLD STANDARD QUAUTY. 



or TBI WXLL-KDOWV Original AND Popviar itrtllCBEBS, 

S03-404-170-881-3S2, 

WITH MOBT or HB OTHXH iSFtlS&, 

MAT BE BAD OF ASI. SJSALESS. 

CAUTION! t^^&^^l^^m 



JOSEPH GILLX>TT & SONSt 

Ka^l Jdin Street VXW TOUt^ 
HENBT HOiS, Bole Agent 

BRYANTS POETICAL WORKS. 

A Kew nUutrate^ Editton. 

1 ToL, raMH 4fee. With 100 niustratioiui by Birkat FMl«r, Hury V«im« Alifipad 
Trederioka, ftnd others. 

Price, in cloth, gilt edges, $4; morocco, extra, $8. 

FrofM thg TrtbuHi* 
'* Thif new aad beaudlbl edition thouM have a pennanent place itt ereiy inteOigent houa^iold in ifac 
•ctiinCiy. The p«per, typography, and illustrationa, are alike exceltent, and fitly entalm tfav M^ work 
of one of .the chief fininden of our literature." 

From tkt PhilatU^Jua Inquirer, 
** It is not too much to say that, in the United States, Biyaat stands b the ffrst rank, to whsch he 
^VAS admitted quite early in his literarsr life, when the decided evidence of brilliancy he had giveii in 
"* Thanatopsis ' had been more than sustained." 

From ikt Hatifbrd Post 
" In every respect the work b an excellent contribution to the publications of the year, and Mr. Brvant 
may well congratulate himself on the superb setting with which his jewels of thought have been favored." 

From thi Northern Christian Advocate, 
'* What new thing ^an be s^id of our laureate T He who has enriched our literature with beauty after 
beauty during threescore years, whom our Legislature has stooped to reverence, and to whom the people 
"have presented such a tribute of esteem as was never offered to any writer on thb continent befoi^and yet 
^ose writings alwajrs came forth spontaneously, unpurchased* needs not to be advertised now." 

Ffvm the Alhany Times, 
** His name is classical in the literature of the language. Wherever English poetry is read and loved, 
his poems are known by heart. Others before him have sung the beauties of creation and the greatness <m 
Ood, but no one ever ooserved external things more closely, or transferred his impressions to paper in more 
■vivid ctAots.*' 

n. APPLirrOir & CO., PihUshen, Ue k &5I nroadway, H. T. 
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